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SYNOPSIS 
Bachelor of Applied science Honours (Horne Economics} 
Researcher : Suzanne Dagnia 
Project title : EVALUATION OF THE USE AND ACCEPTABILITY OF 
LUPIN SEED AND SPROUT AS A FOOD INGREDIENT 
ORGANISATION AND DESIGN 
The purpose of the research was to assess the use and 
acceptability of the lupin seed and sprout as a human food. 
Two studies were designed. 
1. The first study involved the biochemical analysis and 
nutritional evaluation of the lupin sprout. Protein 
Efficiency Ratio, and Apparent Biological Value, Net 
Protein Utilization, and Digestibility tests measure 
protein quality. Biochemical assays included nitrogen 
and hexane extracts, amino acid profile, and selected 
minerals and anti-nutritive factors. 
2. The second 
quality 
study investigated 
that occur as a 
the changes 
result of 
in 
the 
eating 
partial 
substitution of lupin flour into a wheat flour-based, 
standard shortbread biscuit. This was achieved through 
recipe development, and scientifically designed and 
controlled sensory evaluation. Lupin was incorporated 
into the product at 10% and 30% of the total flour. 
(iii) 
RESULTS 
1. The nutritional evaluation data indicate that lupin kernel 
protein is poor in 
0.2% DL-methionine 
casein. 
quality, but that supplementation with 
increases the quality to that of 
2. The biochemistry results 
sulphur-containing amino 
kernel. 
confirm this. 
acids is low 
The content of 
in the lupin 
3. The quality of the sprout protein is not as good as that 
of the kernel. Supplementation with 0.2% DL-methionine 
increases quality, but not to the level of the casein and 
supplemented kernel. 
4. The amino acid profile data shows that the total sulphur 
amino acid content drops following the germination of the 
seed. The results also indicate that arginine levels drop 
when the seed is sprouted. Diets deficient in this amino 
acid have been known to depress growth in young rats. One 
or both of these factors, and/or a possible decrease in 
one or more of the essential amino acids not analysed {for 
example, tryptophan), may be the cause of the poorer 
protein quality observed in the sprout. 
Analysis of the tryptophan, phenyalanine and histidine 
content should be completed . 
• 
(iv) 
5. The biochemical data confirms that fat and carbohydrate 
are utilized as a source of energy during germination. The 
levels of anti-nutritive factors are reduced. 
6. The sensory evaluation results indicate that lupin flour 
can be incorporated into shortbread biscuits at the 10% 
level, with no loss of in eating quality. The 10% lupin 
biscuit was found to be equally pleasant in flavour, 
eating texture, and aftertaste to the basic shortbread. 
The 30% lupin biscuit was significantly less pleasant than 
both the basic shortbread and 10% lupin samples, and less 
acceptable overall. 
7. Further research into the.level at which lupin can be 
incorporated into food products without loss of eating 
quality is justified. 
(v) 
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1.0 INTRODUCTION 
The term "legume" refers to the immature seeds and pods, and 
mature dry seeds, from the plants belonging to the 
Leguminosae family (Salunkhe et al, 1989a, p.1). The word is 
derived from the latin legere meaning to gather. Legume pods 
were traditionally gathered by hand, rather than with a 
sickle as was the custom when harvesting grasses, which did 
not shed their seeds as easily as did legumes (Whyte, 
Nilsson-Leissner and Trumble, 1953, p.l). Those legumes 
containing a high oil content (for example, soybeans) are 
known as ''leguminous oil seeds", and those with a low oil 
content, "pulses". Historically, the word "pulse" is derived 
from the old French, pols, and the Latin, puls, meaning 
pottage of pulses, a pottage being a thick soup (Williams, 
1986, p.1; Hanks, 1979, p.840, 1183), There is evidence that 
pulses, including varieties of peas, beans and lentils, have 
been cultivated for over 8000 years (Pulse, 1986-87, p.111). 
Pulses form an important part of the diets of individuals in 
many countries, particularly those of the poor in developing 
nations (Pulse, 1986-87, p.123; Charley, 1982, p.448). They 
provide about 20% of the dietary protein consumed throughout 
the world. In 1982, world production of pulses totalled 46.5 
million tonnes: soyabean and groundnut production were 94.2 
million tonnes and 19.3 million tonnes respectively, for the 
same period (Salunkhe & Kadam, 1989a, p.7). 
.I 
I 
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Lupin is a relatively new pulse crop, being cultivated only 
from about 4000 - 3000 Be (Smartt and Hymowitz, cited by 
Williams, 1986, p.l). Its seeds have been used for human 
consumption in 
for several 
Mediterranean countries and in 
thousand years (Lee, 1986, 
south America 
p. 64). The 
cultivation of the lupin plants, however, did not spread from 
these areas until about 200 years ago, when Lupinus albus was 
taken from the Mediterranean region to Prussia. L. 
angustifolius was introduced to Australia, New Zealand, the 
United states of America and south Africa in the first half 
of this century. This spread is attributed to the ability of 
the lupin plant to tolerate poor soils, and its reputation as 
a "fertility- building" crop (like other legumes, lupin 
"fixes" nitrogen in the soil) (Williams, 1986, p.2). 
In spite of these advantages, and that of the high protein 
content of the seed (30 - 43% depending on the species), 
lupin production has remained in a minority position. The 
major factor influencing this poor utilization has been the 
presence of bitter, toxic alkaloids, at between 1.0 and 4.0% 
in the dry seed (Sgarbieri and Galeazzi, 1978, p.l438; Lee, 
1986, p.64). Boiling and steeping the seed of these 
primitive species could reduce the alkaloid content to about 
0.1% (Lee, 1986, p.64). 
Development of a low-alkaloid seed began in Germany in the 
1920's, with further improvements occurring in this and other 
3 
European countries, and in the USSR (Williams, 1986, p.2; 
Lee, 1986, p.64). Big advances have occurred in Western 
Australia, where breeding programs have produced L. 
angustifolius cultivars with permeable seed coats, 
non-shattering pods and low-alkaloid genes (Gladstones, 1970, 
p.123). The alkaloid content of these seeds is now less than 
200mgfkg (D.J. Harris, Chemistry Centre, Western Australia, 
personal communication). Australia is now the world's largest 
producer of lupin seed, producing 855 thousand tonnes in 
1988, 730 thousand tonnes of which was grown in Western 
Australia (McLennan, 1989, p.5). 
Until about 1985, research into the use of lupin seed 
focussed on its use as an animal feed, since this was the 
area of greatest immediate returns. Once lupins had become 
widely accepted as a valuable feed for animals, especially 
ruminants, it was appropriate to direct attention towards 
possible uses of lupins as a human food (Petterson, Allen, 
Greirson, Hancock, Harris, & Legge, 1986, p.llB; Hung, 
Papalois, Nithianandan, Jiang, & Versteeg, 1990, p.1). 
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2.0 REVIEW OF RELATED LITERATURE 
2.1 Legumes as crop plants 
2.1.1 Botanical classification 
More than 300 thousand species of plants are ordered using 
the botanical method of classification. Initially, the 
identified species are classified into one of four major 
divisions (Hughes and Metcalfe, 1972, p.113). The division, 
Thallophyta, contains simple and primitive forms of plant 
life with no differentiation between root, stem, and leaf. 
Examples include algae, bacteria, fungi, and lichens 
(Abercrombie, Hickman, & Johnson, 1957, p.284). Plants 
belonging to the division Bryophyta, including mosses, have 
stems and leaves, but are characterized by a lack of vascular 
tissue and roots (Abercrombie et al, 1957, p.43). 
Plants that reproduce by spores, and having vascular tissue, 
roots, stems, and leaves, belong to division, Pteridophyta 
(Abercrombie et al, 1957, p.240). The last of the four major· 
divisions is the Spermatophyta, which contains the seed-
producing plants. These plants have a highly developed stems, 
leaves, roots, and vascular system (Abercrombie et e,l, 1957, 
p.269). 
Most trees, shrubs, herbaceous plants and grasses belong to 
the latter division, which is further divided into two major 
classes: gymnosperms (coniferous trees, and others), and 
5 
angiosperms (broad-leaved plants, and crop plants). The 
latter is divided into the sub-classes: monocotyledons; and 
dicotyledons (Hughes et al, 1972, p.113). Cotyledons form 
part of the seed embryo. A major function is to provide 
energy and nutrients to the seedling during germination 
(Abercrombie et al, 1957, p.75). 
Sub-classes then divide into Orders, Families, Tribes, 
can be divided into sub-spec.ies 
of this classification system 
Genera, and species. Species 
and/or cultivars. An outline 
using Lupinus angustifolius (cv. Gungurru) as an example is 
shown in Figure 1. 
2.1.2 Legumes for human consumption 
Legumes are cultivated for use as a human food, but also for 
animal feed and fodder. Many different leguminous plants are 
grown throughout the world. Most of these are produced in 
only a few countries, to meet the needs of the local 
population. only soybeans, peanuts, dry beans, peas, broad 
beans, chick peas, and lentils are cultivated on all 
continents (Salunkhe et al, 1989a, p.6). 
Legume seeds are used as a vegetable; a base for fermented 
foods such as ternpeh and mise; a sprouted seed; a base for 
beverages; a base for sauces; and to make soups and broths. 
There are many uses as a snack food such as dahl which is a 
soaked and cooked product made from chick peas. 
6 
Figure 1 
Botanical classification of Lupinus angustifolius (cv. 
Gungurru) 
Thallophytes Bryophytes 
I 
monocotyledons (one cotyledon 
eg. grasses) 
ANGIOSPERMS 
I 
SPERMATOPHYTES Pteridophytes 
Gymnosperms 
I 
mal vales ROSALI ES . I 1 grarn~na es 
DICOTYLEDONS (two cotyledons 
eg. leyumes) 
I 
and 
others 
LEGUM!NOSAE (and others ) 
GEN!STEA (and others) 
LUP!NOS (and others) 
ANGUST!FOLIUS (species) (and others) 
GUNGbu (cultivar) (and others) 
The legume that is most widely used for human consumption is 
the soybean (Glycine max). It has been used for many 
thousands of years in the orient as a vegetable; as a base 
for beverages (especially a "milk"); and as a base for 
fermented foods. In this century, the soybean was 
11discovered" by westerners and used in a wide range of 
processed foods: the USA currently produces US$510 M worth 
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of food products (Petterson and Crosbie, 1990, p.266). 
The chemical composition of several legumes, including the 
soybean, are compared with that of lean meat, nuts and 
cereals in Table 1. The range of protein and oil contents 
varies among the legwnes. 
Table 1 
Comtosition of legumes and selected nuts, cereals 
mea 
Food Mo~sture 
% 
soybeans ** 9.5 
peanuts ,~ 5. 6 
L. angustifolius 9.0 
haricot beans ** 0.4 
lentils ** 10.2 
lima beans ** 11.6 
peas ** (split) 9.0 
almonds # (skinned) 4.8 
walnuts # 4.1 
rolled oats 9.2 
rice (brown/raw) 11.5 
wheat flour *** 13.0 
beef (boneless; 71.0 
lean) 
Prote1n Fat 
% % 
35.0 17.1 
25.7 46.7 
33.7 6.2 
22.0 1.5 
24.1 1.1 
20.6 1.4 
23.5 
19.5 
14.8 
13.8 
6.9 
11.5 
21.3 
1.3 
53.8 
63.7 
7.8 
2.0 
2.5 
6.6 
CHO* 
% 
34.4 
19.0 
34.4 
64.2 
61.7 
62.2 
62.6 
18.9 
14.9 
69.9 
78.4 
71.6 
0 
and red 
Energy 
kj/100g 
1 704 
2 345 
1 353 
1 474 
1 407 
1 419 
1 457 
2 504 
2 713 
1 624 
1 503 
1 440 
628 
(Thomas and Carden, 1977, pp.7,8,13,20,21; Gra~Ie Data Base, 
Western Australian Department of Agriculture, 1990) 
• 
** 
Nitrogen-free extract 
mature, dry 
# raw, shelled 
*** wholemeal 
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Proteins obtained from legumes are nutritionally incomplete, 
lacking one or more of the essential amino acids. These are 
isoleucine, leucine, phenylalanine, threonine, valine, 
lysine, methionine, histidine and tryptophan. Legumes are 
usually deficient in the sulphur-containing amino acids, 
methionine and cysteine (non-essential). Combining legumes 
with complete proteins 
incomplete proteins high 
(meats, 
in the 
milk, cheese), or other 
limiting amino acidfs (in 
this case, methionine), provides the essential amino acids in 
quantities sufficient to maintain life and promote growth. 
Legumes and cereals complement each other, as cereals provide 
the methionine lacking in legumes, and legumes the lysine 
lacking in cereals (Stare and McWilliams, 1984, p.103; 
Charley, 1982, p.452). As well as being good sources of 
protein, legumes are low in fat (with the exception of the 
leguminous oilseeds), and high in phosphorus. Legumes are at 
least as good a source of iron and thiamine as whole grain 
cereals or lean meat (Thomas et al, 1977). 
2.2 The Genus Lupinus 
There are more than 300 species of lupin, only four having 
achieved agricultural significance. Three are "Old World" 
species originating in the Mediterranean region: L. albus 
(white lupin), L. luteus (yellow lupin) and L. angustifolius 
(narrow-leafed or blue lupin). The fourth is a "New world" 
species from south America, L. mutabilis (Andean lupin) 
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(Hondelmann, 1984, p.1). 
The principal species of lupin grown in Western Australia is 
L. angustifolius (Gladstones, n.d., p.606). In 1989, four 
cultivars of differing agronomic characteristics were grown 
commercially. 
2.3 Production and cost of lupin in Australia 
2.3.1 Production 
In 1985, the major producers of lupin were Australia (606 
ooo tonnes), the U.s.s.R. (280 ooo tonnes), and Europe (148 
000 tonnes) (Williams, 1986, p.6). By 1988, Australia had 
become the world's largest producer, growing 855 thousand 
tonnes; 730 thousand of which were produced in Western 
Australia (McLennan, 1987/88, p.5). 
Figure·2 outlines the trend in lupin production in Western 
Australia since 1975/76. Production in the years from 1981/82 
to 1987/88 increased by about nine-fold. The low production 
for the 1985/86 year was due to "poor seasonal conditions in 
parts of the grain growing areas of the state"; conditions 
which also affected the other major crops grown - wheat, oats 
and barley (Aust. Bureau Stats., 1985, p.2). 
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Figure 2 
Production of lupins in Western Australia 
Production 
('000 tonnes) 
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77 78 79 83 85 87 
(Source: Aust. Bureau Stats., 1980/81- 1985) 
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2.3 .2 cost 
On the world market, lupin sells for about 75% of the price 
of soybean meal (44% protein). This figure is mostly due to 
the relative protein content of the two commodities, and does 
not take into account protein quality, gross and 
metabolizable energy, or other quality factors. In 
Australia at present, the price of lupin seed varies from 
$180 to about $215 per tonne, with the Grain Pool of western 
Australia exporting the pulse at $210 per tonne (B. Cox, 
Grain Pool of W.A., personal communication, June 15, 1989). 
The incorporation of lupin seed into human food products 
could represent a cost saving to the Australian manufacturer. 
It might also be economically advantageous for western 
Australian farmers by increasing the utilization of 
resources, and giving better prospects of a more stable 
market. 
2.4 Current market 
In 1985, Australia exported more than half (322.7 thousand 
tonnes) of the lupin produced (606 thousand tonnes) 
(Williams, 1986, pp.6, 10). At this time, lupin exports 
totalled 14% of the world trade in pulses. "Undoubtedly, the 
most remarkable feature of this advance is that it is due 
entirely to exports of L. angustifolius from Australia" 
(Williams, 1986, p.11). 
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This trend continued into 1987/88. Most of the seed was 
exported to European countries, Japan, Taiwan, Korea, 
Indonesia, and the Middle East (Nelson and Delane, 1990, 
p84). Almost all of the seed exported is used for animal 
feed. A small amount is used for human consumption in 
Indonesia, as a substrate for ternpeh production (Petterson et 
al, 1990, p.267). 
2.5 Lupins as a food ingredient 
L. angustifolius has a similar appearance and chemical 
composition to the soybean. In size, the lupin seed (about 
160mg) is smaller than the soybean (about 230my). The seed 
coat (hull) is thicker, as are the cell walls within the 
cotyledons. L. angustifolius has a slightly lower proportion 
of protein, and a much lower fat content than the soybean. 
2.5.1 Chemical composition 
several researchers, including Gross 
Ivanovic, owen and Ballester (1983), have 
into the nutritional quality of various 
(1988) and Yanez, 
completed studies 
lupin species. A 
summary of the chemical composition of the four main lupin 
species is given in Table 2. There is a marked difference in 
the protein, fat, carbohydrate and crude fibre contents of 
the various species. The high protein content of lupin makes 
it a potentially valuable source of this nutrient. only ~ 
mutabilis and L. albus could be considered potential oil 
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Table 2 
Chemical composition of four main cultivated 1UJ2in s2ecies 
crude ether crude N-free • Species protein extract fibre ash extracts (NX6.25) 
L. albus 36.7 u.s 9.8 3.4 37.8 
L. angustifolius 31.1 6.0 14.7 3.5 43.1 
L. luteus 41.8 5.4 15.8 4.1 35.0 
L. mutabilis 42.6 18.7 7.3 3.7 27.3 
* calculated by difference (Source: Gross, 1988, p.52) 
sources (Gross, 1988). Each of the species are low in starch 
(Hill, 1986, p.42). rn addition, lupins contain fibre of both 
the soluble and insoluble types. soluble fibre (found in the 
kernel) is reputed to have cholesterol lowering properties. 
The high insoluble fibre content of the hull could be an 
advantage in human nutrition (Salunkhe et al, 1989b, p.l64; 
Gross, 1988, p.52). 
Breeding programmes in Western Australia have r·asul ted in 
lupin cultivars with improved nutritional quality. The 
results of the chemical analysis of L. angustifolius compiled 
in Western Australia are given in Table 3 (on an "as 
received" basis) (Graile Data Base, 1990). 
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Table 3 
Chemical composition of Lupinus angustifolius (as received) 
Nutrient 
Moisture 
Protein 
crude fat 
Ash 
Fibre 
ConcentratJ.on 
(%) 
8.95 
33.68 
6.20 
3.00 
13.85 
(Graile Data Base, 1990) 
The nutritional composition of the lupin seed kernel and hull 
varies (Table 4). The seed coat is high in crude fibre, but 
low in crude protein and crude fat. The kernel is high in 
crude protein, lower in crude fibre, and higher than the seed 
coat in crude fat. 
Table 4 
Chemical corn osition of lu in seed, seed coats and kernels 
, ry asJ.s 
Seed 
Seed coat 
Kernel 
Moisture 
10.88 
9.86 
11.53 
crude 
Protein 
31.32 
2.37 
39.72 
crude 
fat 
7.87 
1.38 
8.07 
Ash 
2. 71 
2.89 
2.31 
Total Crude 
sugars fibre 
36.66 
35.0 
29.16 
21.44 
58.36 
20.74 
(Lee, 1986, p.66) 
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2.5.1.1 Protein quality 
The high protein concentration of lupin seed makes it a 
potentially important source of this nutrient. Lupin protein 
is incomplete, being deficient in the sulphur amino acids, 
methionine and cysteine. In addition, and unlike other 
legumes, lysine is also limiting. combining lupin with 
complete proteins (for example, milk), or other incomplete 
proteins high in methionine and lysine, alleviates this 
problem (Gross, 1988, p.53; Stare et al, 1984, pp.102-103). 
The protein value of a food can be determined using the 
Protein Efficiency Ratio (PER) test. This measurE!s the 
"weight [gain] of an animal [usually rats] in grams per gram 
of protein intake" (Eggum, n.d., p.125). Rats are fed the 
experimental and control (usually casein-based) diets, ad 
libitum, for 28 days. Live weights are taken weekly. Feed 
remaining is collected daily, and food eaten calculated, in 
order to determine protein intake. The PER value is then 
calculated by dividing the weight gain of the rat by the 
amount of protein consumed. 
PER studies to determine the apparent protein digestibility 
and utilization of lupin seed diets have determined that the 
protein quality is poor. However, supplementation with 
DL-methionine at 0.1-0.2% more than doubles the PER value 
(Sgarbieri et al, 1978; Yanez, et al 1983; Aguilera et al, 
1986) . 
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Hill (1986, p.51) states that the absolute PER values 
obtained "vary from place to place, and with different lots 
of casein". For this reason, some researches prefer to 
calculate biological value (BV) to measure protein quality. 
BV studies measure nitrogen balance, by indirectly estimating 
nitrogen retention from nitrogen intake and excretion figures 
(Eggum, n.d., p.127). 
savage et al (cited by Hill, 1986, p.51) determined the 
biological value of four lupin species, and compared them to 
soybeans (Table 5). 
Table 5 
CookeCI and Cookect and leached 
Legume species Raw leached + 0.5% methionine 
Gllcine max 73.3 85.6 
L. albus 70.0 61.2 79.9 
L. an2ustifolius 53.5 52.0 84.7 
L.cosentinii 43.4 57.9 58.5 
L. mutabilis 79.7 87.9 
Note : the higher the value, the better the protein quality. 
(Savage et al cited by Hill, 1986, p.51) 
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Cooking and leaching improved the biological value of L. 
cosentinii. The soybeans and L. mutabilis were not eaten 
without treatment. The addition of 0.5% methionine 
(presumably DL-methionine) increased the biological value in 
all species except L. cosentinii. There was no significant 
difference in the biological values of the supplemented 
soybeans, L. angustifolius, and L. mutabilis. Savage et al 
(cited by Hill, 1986, p.51) also determined that 
supplementation of L. angusti..folius with 0.19% methionine 
(presumably DL-methionine) increased the biological value. 
2.5 .1.2 Lipids 
Of the four main lupin species, only L. mutabilis has a fat 
content that compares to that of the soybean, up to 24% in 
some varieties (Salunkhe et al, 1989c, p.l64). This species 
could be used as an oil crop. L. albus, with a fat content of 
about 11%, could also be considered a potential oil source 
(Gross, 1988, p.51). About 75% of the fat content of L. 
angustifolius is comprised of unsaturated fatty acids. 
Lupins do not contain toxic fatty acids or erucic acid (D.J. 
Harri:s, Chemistry Centre, Western Australia, personal 
communication). These substances act as anti-nutritive 
factors, impairing the digestion of some nutt·ients. 
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2.5.1.3 carbohydrates 
Unlike most legumes, lupin "contains virtually no starch" 
{Hill, 1986, p.42). The fibre in the kernel is primarily of 
the "soluble" type. Soluble fibre is reputed to have 
cholesterol lowering properties. The high crude fibre content 
of the lupin hull {58.36%), which is mostly cellulose and 
hemi-celluloses, 
human nutrition 
p.52). 
could make it a valuable fibre source in 
{Salunkhe et al, 1989b, p.164; Gross, 1988, 
Lupins, in common with other legumes, contain a substantial 
amount of the alpha-galactosides of the raffinose family. 
These oligosaccharides cause flatulence in humans, who lack 
the enzyme alpha-galactosidase (Hill, 1986, p.42; Saini, 
cited in Huisman, van der Poel, & Liener, 1989, p.329). In 
the absence of this enzyme, alpha-galactosides move 
undigested into the lower gastro-intestinal tract, where they 
are broken down into carbon dioxide, hydrogen and methane by 
bacterial alpha-galactosidase. The result is flatulence, 
diarrhoea, nausea, cramps and discomfort (Saini, cited in 
Huisman et al, 1989, p.329). High levels of oligosaccharides, 
therefore, act as an anti-nutritive factor. 
2.5.1.4 Anti-nutritive factors 
A further advantage of lupin seed in human nutrition is its 
low levels of anti-nutritive factors, with the exception of 
oligosaccharides, as previously discussed. 
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Trypsin inhibitors 
Of particular importance in legumes are the trypsin 
inhibitors. These compounds inhibit the action of trypsin, a 
pancreatic enzyme that digests those polypeptides containing 
lysine and arginine (Stare et al, 1984, p.108). The level of 
trypsin inhibitors found in L. angustifolius (0.18 mg/g) is 
similar to that found in wheat, and less than that found in 
soybean (17.9 mg/g) (Petterson et al, 1986, p.118). 
Phytate 
Much of the phosphorus found in plant 
phytate (inositol hexaphosphate), which 
seeds is present as 
is a cyclic compound 
containing six phosphate groups (Liener, cited in Huisman et 
al, 1989, p.9; Latta and Eskin, 1980, p.1313). 
Its importance lies in its ability to bind strongly with 
divalent ions, including calcium, zinc, and iron, inhibiting 
Huisman et al, 1989 1 p.9; 
1989, p.371). The phytate 
their absorption (Liener, cited in 
Bos, cited in Huisman et al, 
content of lupin is low; 0.44% in lupin, as against 1.59% in 
soybean (Petterson and Crosbie, 1990, p.266). 
Phytate has also been shown to inhibit the action of some 
digestive enz~mes, perhaps due to the binding of calcium ions 
(necessary for trypsin and alpha-amylase activity), or to 
interaction of phytate with the enzyme substrates (Liener, 
cited in Huisman et al, 1989, p.9). 
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Alkaloids 
Lupin contains alkaloids that are toxic when consumed in 
sufficient quantities. Research has shown 
containing between 0.3 and 2% alkaloids inhibit 
that diets 
rat growth 
and decrease food consumption. The higher the alkaloid level, 
the poorer the growth (Tannous, Shasarevian, and Cowan, 
1968, pp.162-163). Breeding programs have reduced the 
alkaloid content of some lupin species, including L. 
angustifolius, to less than 200 mg/kg. 
Other anti-nutritive factors 
Lectins (phyto-haemagglutinins) act as gastric irritants when 
present in sufficient quantities. The level of lectins in 
lupin is insignificant (Petterson et al, 1990, p.266). The 
tannin content (0.29% condensed, < 0.1 catechin units) is low 
(Petterson et al, 1990, p.118). 
Alpha-amylase inhibitors impair the action of the enzyme, 
alpha-amylase, which is involved in the 
in the small intestine. Levels are 
digestion of starch 
low in the lupin 
(Valdebouze, Bergeron, Gaborit & Delort-Laval, cited in Hill, 
1986, p.44). 
2.6 Proposed research 
World population growth is outstripping food 
Already the capacity of developing nations 
production. 
to produce 
sufficient food for their needs is diminishing. The problem 
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is not only one of insufficient energy, but also. of poor 
nutrient quality; particularly of protein. Salunkhe et al 
(1989a, p.l) state: 
It is recognized that the protein problem is 
reaching a critical stage. It is essential to 
close the present ga~ between world protein 
needs, protein suppl~es, and distribution to 
prevent an even more widespread protein defic-
iency in future generations. 
Lupins can help reduce this gap. The seeds are high in 
protein (both quantity and quality, once supplemented with 
methionine), and low in fat and anti-nutritive factors. 
The aim of this research is to evaluate the use and 
acceptability of lupin seed and sprout as a food ingredient. 
Two studies have been designed. The first involves the 
biochemical analysis and nutritional evaluation of the lupin 
sprout. It is a generally held community belief that 
germinating a legume seed increases nutritional value. 
Protein quality studies, in conjunction with chemical 
analysis, will determine if this is true of the lupin. 
The incorporation of lupin flour into food products increases 
their nutritive value. The second study investigates the 
changes in eating quality that occur as a result of this 
addition. 
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3,0 STUDY 1 : BIOCHEMICAL AND NUTRITIONAL ANALYSIS 
3.1 Introduction 
3.1.1 The effect of germination on nutritional and 
eating quality 
Little research into the nutritional quality of lupin 
following germination has been reported. In general, it seems 
that germination of legume seeds increases nutritional 
quality, and decreases anti-nutrititive factors (Rudra, 1938; 
Everson et al, 1944; Banerjee et al, 1955; Kakade and Evans, 
1966; Finney, 1978, all cited in Lee and Karunanithy, 1990, 
p.437-438). 
Lee et al (l990) studied the effects of germination on the 
chemical composition of Phaseolus radiatus, P. angularis, 
Glycine hispida, and G. max. The results of this research 
indicates that germination increases the ~utritional quality 
of these beans. 
The fat content of the Phaseolus and Glycine beans rose by 
less than 0.2%, and 2% respectively, and is attributed to the 
leaching of water-soluble nutrients (such as carbohydrates 
and minerals) into the liquid in which the sprouts were 
soaked or rinsed (Lee et al, 1990, p.440). The change in the 
proportion of fat not due to this factor may be ascribed to 
the use of fat as an energy source during germination, the 
breakdown products being carbon dioxide and water (Lee et al, 
1990, p. 440). 
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The crude protein content of the beans also increased over 
the five days of germination (greater than 21% in the Glycine 
beans, and a- 15% in the Phaseolus beans), some of this gain 
being caused by the loss of water-soluble nutrients into the 
soaking and rinsing water (Lee et al, 1990, p.440). The 
amino acid profile of the various sprouts (0, 3, and 5 days) 
shows a marked increase in the proportions of most essential 
amino acids (Table 6). 
In addition to these nutritional advantages, the study found 
that phytic acid (phytate) reduces dramatically during 
germination. As this compound is present in the beans in a 
primarily water-soluble form, most is leached out when then 
the seeds are soaked (Lee et al, 1990, p.442). This increases 
the availability of some minerals (for example, zinc, calcium 
and iron). 
Mineral and ash contents decreased following germination, 
probably as a result of leaching into the soaking water 
(Table 7) (Lee et al, 1990, p.442). 
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Table 7 
Mineral contents of germinated beans (ugjq, dry matter) 
Var~ety of Days of 
bean germination K ca Mg Fe 
G. max 0 18 605 2 117 2 773 63 
1* ll 415 2 044 2 405 54 
3 10 640 2 493 2 246 57 
5 6 044 2 301 2 060 52 
G. hisJ2ida 0 18 850 1 890 2 191 77 
1* ll 505 1 849 1 795 64 
3 9 807 1 941 2 059 54 
5 3 995 1 780 1 293 53 
P. radiatus 0 ll 825 1 230 1 473 as 
1* ll 370 1 110 1 373 50 
3 ll 960 1 036 1 347 41 
5 13 305 1 613 1 682 52 
P. angular is 0 13 475 1 166 1 459 40 
1* 10 530 1 111 1 375 34 
3 10 095 1 018 1 363 32 
5 7 513 1 269 1 261 32 
• soaked overnight in water containing somgflitre chlorine 
(Source : Lee et al, 1990, p.443) 
several studies into the use of lupin for sprouting have been 
completed. El-Habbal and Attia (1987, p.957) determined that 
sprouting lupin seed for five to six days increases nutritive 
value. Yu, Kyle, Hung and Zeckler (1985, p.177) sprouted two 
lupin varieties (L. angustifolius and L. albus) for five 
days, and compared these to mung and soya sprouts grown 
under identical conditions. The results of this study 
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indicate that L. albus is unsuitable for sprouting, having 
large hard cotyledons, and short, convoluted hypocotyls 
(Table 8). 
Table 8 
Analysis of seeds and sprouts 
seed 
Lupin * 
Soya 
Mung 
% (wfw) water 
seed sprout 
11 
6 
12 
92 
82 
92 
* L. angustifolius 
% (W/W) lipid 
seed hypocotyl 
4.8 
21.0 
2.4 
0,4 
0,5 
0.1 
mean 
sprout 
length 
(mm) 
115 
70 
45 
weight 
increase 
7.5 X 
5.5 X 
5.0 X 
(Source: Yu et al, 1985, p.177) 
Lupin seeds germinated for three, four, and five days were 
found to grow faster than soy sprouts, and were larger in 
diameter and length. The increased water absorbance of the 
lupin sprout, and resulting increase in weight, is 
economically desirable (Lee et al, 1983, cited in Lee, 1986, 
p.68; Yu et al, 1985, p.177). 
The eating quality of lupin sprouts has been shown to be at 
least as good as soya and mung sprouts, having an acceptable 
flavour, texture and colour (Yu et al, 1985, p.177; Lee et 
al, 1983, cited in Lee et al, 1986, p.68). This result was 
confirmed by zweck (1988) in her attitudinal study: lupin 
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sprouts were preferred to soya 
et al, 1985, p.177) suggests 
sprouts. Boundy (cited in Yu 
that "there may be a market 
potential for the use of lupin for producing bean sprouts". 
Little market research into consumer attitudes to the use of 
lupin as a food ingredient has been completed. Zweck (1988) 
studied consumer attitudes to the use of "lupin" as a product 
name using lupin sprouts, soy sprouts, and sugar sprouts 
(lupin by another name). She concludes "that in terms of 
taste, lupin is at least equal to soya, and its name did not 
influence that judgement". 
3.2 Justificatory statement 
Information on the biochemical changes that occur following 
the germination of legume seeds, including lupins, is 
limited. That which is available suggests that germination 
improves nutritional quality; protein conb9nt increases, and 
a decrease in the levels of anti-nutritive factors is 
observed. The eating quality of lupins sprouted for five to 
six days is at least as good as that of soya and mung 
sprouts. Investigation of lupin protein quality following 
germination is required. 
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3.3 statement of aims 
To study the nutritional and biochemical changes that occur 
during the sprouting of the lupin seed. More specifically, 
to: 
1. Examine changes in the nutritional quality of lupin 
during germination, through various biochemical assays 
of the seed and sprouts, including: 
- Protein content and amino acid profile, 
-Fat (hexane extract), 
-Carbohydrate (by difference), 
- Oligosaccharides 
- Phytates 
- Alkaloids 
2. Investigate the protein quality of the germinated lupin 
seed, through the following tests: 
- Protein Efficiency Ratio, 
- Apparent Digestibility 
- Apparent Biological Value 
- Apparent Net Protein utilization 
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3.4 Methods and procedures 
3.4.1 Biochemical analysis 
3.4.1.1 Lupin sprout 
The lupin seed (L. angustifolius cv. Gungurru) was sprouted, 
initially, using a commercial sprouting system which involved 
soaking the seed in sodium hypochlorite and rinsing the 
developing sprouts with tap water every three hours. However, 
soaking the seed in sodium hypochlorite appeared to result in 
seed coats permeable to bacteria. Subsequent sprouting 
occured in a non-commercial setting using methods as close to 
those of the commercial system as was possible. Small 
batches of seed were germinated in trays bought for the 
purpose (Figure 3). 
Figure 3 
Sprouting trays 
outer tray 
lid I inner perforated 1 tray 
~'R------------ -~[ 1 _ __. 
Seeds were soaked in tap water for 24 hours, then rinsed 
daily until they reached the correct age. An ambient 
temperature range (autumn) , and neutral lighting, was 
maintained throughout the germination period. 
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3.4.1.2 Procedure 
Biochemical information on the changes that occur during 
lupin sprouting was determined through the following assays 
on the kernel and freeze-dried sprouts: 
- protein content and amino acid profile, 
-fat (hexane extract), 
-carbohydrate (by difference), 
- oligosaccharides, 
-moisture, 
- mineral (calcium, sodium, potassium, 
zinc, and phosphorous), 
-estimation of available energy, 
- phytates, 
- alkaloids. 
The assay procedures, where available, have been included in 
appendix A. 
3.4.1.3 Methods of analysis 
Most assays were completed at the Chemistry Centre (W.A.), 
using standard methods of analysis. Reliability and validity 
checks were modelled on those already employed in these 
laboratories. Some assays (including the amino acid profile) 
were completed by staff employed in other laboratories. 
3.4.2 Nutritional evaluation 
The experimental design conforms to the Association of 
Analytical Chemists• (AOAC) methods (1980) for protein 
efficiency ratio (PER), apparent biological value 
(BV),apparent net protein utilization (NPU), and apparent 
digestibility (AD) tests (appendix B). These experiments 
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measure the quality and availability of protein in foods, and 
rely on the administration of specific diets under controlled 
conditions. 
3.4.2.1 Experimental diets 
The experimental diets were formulated from the proximate 
analysis of protein, fat, ash, and moisture contents of the 
lupin kernel, lupin sprout, and casein samples. The 
isocaloric 1 isonitrogenous diets (appendix c), were based 
on: 
- freeze-dried, and milled, six day old lupin 
sprouts 
freeze-dried, and milled, six day old lupin 
sprouts + 0.2% DL-methionine 
- milled lupin kernel (control) 
- milled lupin kernel + 0.2% DL-methionine (control) 
- casAin (standard) 
Vitamin and mineral supplements were added to these diets 
based on AOAC (1980) recommended levels for rats. 
3.4.2.2 Test animals 
Protein quality was determined using 55 (Wister) male 
laboratory rats, aged 21 days. Rats of this species are 
commonly used in protein efficiency ratio studies, and 
arereadily available. All rats came from the same colony, and 
were purchased from the Animal Resources Centre (Murdoch, 
Western Australia). 
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An acclimation period of four days preceded the study, during 
which time the laboratory rats were fed their normal pellet 
diet. Crushing the pellets on the fourth day allowed the rats 
to adjust to a powdered diet. 
Five laboratory rats were used to test acceptance of the 
diets, and to familiarize the researcher with rat handling 
techniques. A satisfactory acceptance of the experimental 
diets was observed. 
3.4.2.3 Assay groups 
The fifty laboratory rats were allocated to one of five 
experimental groups, using a table of random numbers. The 
variations in mean group weights were greater than considered 
acceptable. Rats with high and low weights were re-allocated 
between groups to reduce the difference to 1.53g. The final 
mean group weights were: 
1. Kernel-based diet group 
2. Kernel + 0.2% DL-methionine 
- 66.7g (± 7.3) 
- 65. 9g ( :': 7. 0) 
3. casein-based diet group - 65.3g (:!: 8.4) 
4. Sprout-based diet group - 66.8g (t 7.6) 
5. Sprout + 0.2% DL-methionine - 65.2g (:': 7.2) 
3.4.2.4 Assay period 
The rats were kept in individual metabolic cages in an 
environmentally controlled room (temperature - 20-22 degrees 
c; relative humidity approximately 70%) throughout the 
assay period. The cages were labelled numerically (1 to 50), 
and colour coded according to diet type. 
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The racks of cages were placed equal distances away·from the 
airconditioning vents (Figure 4). 
Figure 4 
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Cages were rotated in a clockwise direction every six days so 
that the average distance from the airconditioning vents was 
approximately equal for each rat over the experimental 
period. 
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The laboratory animals were provided with the appropriate 
diet and water ad libitum. The body weight, and feed 
consumption, of each rat was recorded every sixth day, and on 
the 28th day of the experiment. Biases associated with 
handling the rats in the same order were minimized by feeding 
and weighing them in a different order every six days. 
Faeces and urine were collected for four days during the 
third week of the study, and frozen until analysed. Urine was 
collected into 1 M acetic acid to avoid nitrogen loss. 
Nitrogen intake for the four day period was calculated. 
Nitrogen intake and excretion figures were used to calculate 
apparent biological, net protein utilization and 
digestibility values. 
3.4.2.5 Data analysis 
The average weight gain and nitrogen intake per rat was 
calculated, and PER values for each group obtained using the 
formula: 
PER = final wt tg) - initial wt 
pro e1n eaten (g) (g) 
PER values were analysed using analysis of variance and 
Roger's (1965) range tests. The results are reported as PER 
values, adjusted raw scores (ARS), and ratio of sample PER to 
reference casein PER. 
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The rat urine and freeze-dried faeces were analysed for 
nitrogen following digestion of the samples with concentrated 
sulphuric acid and hydrogen peroxide. Analysis of the diluted 
digests was by continuous flow colorimetry and flame 
photometry in a four-channel autoanalyser. The amount of 
nitrogen per volume of urine, and weight of faeces, were 
calculated. 
Apparent biological, net protein utilization, 
digestibility values were calculated using the formulae: 
BV = N intake - tfaecal N + urinary N) 
N ~n ake - faecal N 
NPU = N intake - (faecal N + urinary N) 
N 1ntake 
AU = N intake - faecal N 
N 1ntake 
and 
The BV, NPU and AU values were analysed using analysis of 
variance and Roger's (1965) range tests, and were reported in 
tabular and graphical form. 
3.4.2.6 statement of hypothesis 
The null hypothesis stated that there was no significant 
difference between the groups. The null hypothesis can be 
expressed as: 
Ho: Xa = Xb = xc = Xd = Xe 
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The alternative hypothesis stated that there· was a 
significant difference between the samples. The alternative 
hypothesis can be shown in the following format: 
Ha: xa ~ Xb ~ xc ~ Xd ~ xe 
The acceptance or rejection of the null hypothesis was based 
on the value of F ( = o.05) obtained from a one way analysis 
of variance. If the null was rejected, a multiple range test 
(after Rogers, 1965, p.43) was used to contrast the pairs of 
groups for statistical differences. Using the Rogers 
technique, the null hypothesis was rejected if: 
where : 
/Mi -MjJ >Jv,xMSWxF (1-o<)v,xzc'~J 
~ 
experimental treatments degrees of freedom 
(a - 1) 
MSW = analysis of variance (error term) (Rogers, 1965) 
F(l -.:)v,= F<X:-100 = 2.38 (<><= o.o5) 
f c'ij =sum of the square of the control 
coefficient 
n = number of respondents 
Germination changes the chemical composition, including the 
amino acid profile, of legume seeds (Lee et al, 1990). 
Therefore, it is predicted that the chemical composition and 
protein quality 
germination. 
of lupins will alter following their 
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3.5 RESULTS 
3.5.1 Biochemical analysis 
The lupin kernel and sprout (aged six days) were analysed 
chemically for selected nutrients. The results are given in 
Table 9. All analyses are given on a dry matter basis. 
Table 9 
Chemical analysis of lupin seed and sprout (dry basis) 
Assay KERNEL % 6 day sprout % 
moisture 8.2 10.4 
protein 39.50 45.31 
fat * 8.2 4.1 
carbohydrate # 38.55 33.21 
ash 2.55 3.98 
energy ·•• 1592 1453 
oligosaccharide 5.9 0.3 
alkaloid (total) 0.072 0.016 
pbytate 0.47 0.16 
calcium 0.10 0.26 
sodium 0.06 0.27 
potassium 0.89 0.84 
phosphorus 0.29 0.35 
~ Hexane eXtract # by d~fference 
** estimation of available energy (crude fibre assumed 3%) 
NOTE : Crude and soluble fibre assays have not yet been 
completed by the laboratory to which they were sent. 
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3.5.1.1 Protein content and amino acid composition 
crude protein content increased following germination (Table 
10). The apparent protein gain can be attributed to the 
utilization of fat and carbohydrate for energy during 
germination. 
Table 10 
Change in protein concentration following germination 
Protein content % 
Kernel 
Sprout 
39.50 
45.31 
Table 11 shows the changes in amino acid composition that 
occur following the germination of the lupin seed. For 
comparison, the World Health Organization's (WHO) recommended 
essential amino acid requirements for adults is given. With 
the exception of aspartic acid and valine, decreases in the 
proportions of all amino acids analysed were observed. 
Proteins are used by the embryo during germination (Raven, 
Evert, & Eichhorn, 1986, p.51). 
Analysis of the 
composition found 
carbohydrates, are 
(Beyer, cited in 
effects of germination on chemical 
that proteins, as well as fat and 
utilized for energy in the yellow lupin 
Stiles and Cocking, 1969, p.355). 
Deamination of amino acids, indicative of the utilization of 
39 
Table 11 
Amino acid profile of lupin seed and sprout {g/kg dry basis) 
cyscys as cysteic 
acid {cystine) {NE) 
methionine {as met. 
sulphone) {E) 
met. + cystine 
threonine {E) 
valine {E) 
isoleucine {E) 
leucine {E) 
lysine {E) 
arginine {PE) 
glycine {PE) 
aspartic acid {N) 
serine {N) 
glutamic acid {N) 
proline {N) 
alanine {N) 
kernel 
5.9 
2.6 
8.5 
13.7 
15.4 
16.2 
26.4 
18.1 
41.6 
15.6 
39.6 
20.4 
80.7 
16.0 
12.8 
E = essential amino acid 
Sprout {day 6) 
3.4 
2.5 
5.9 
11.7 
16.5 
14 .a 
21.2 
16.4 
25.8 
11.2 
119.4 
19.2 
39.3 
10.8 
12.2 
PE = partially essential amino acid 
N = non-essential amino acid 
% reference 
change protein 
- 42 
4 
- 31 
- 15 
+ 7 
9 
- 20 
9 
- 38 
- 28 
+302 
6 
- 51 
- 32 
5 
17 
9 
13 
13 
19 
16 
NOTE : Tryptophan, phenylalanine and histidine levels were 
not analysed. 
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proteins as energy, is associated with an increase in amides 
like asparagine and glutamine (Stiles et al, 1969, p.358). 
The aspartic acid concentration of the lupin samples 
increased three-fold following germination. It is likely that 
the utilization of protein for energy occurs in the 
narrow-leaf lupin. Amino acids can be converted to acetyl 
Coenzyme A, which enters the citric acid cycle. Here it is 
oxidized to energy (stored in the phosphate bonds of ATP), 
carbon dioxide and water (Raven et al, 1986, p.87). 
Proteins stored 
to amino acids. 
transamination. 
combined with 
in the cotyledons of lupins are catabolized 
Other amino acids are synthesised through 
The amino group of one amino acid is 
a carbohydrate skeleton 
alpha-ketoglutaric acid from the citric acid 
(for example, 
cycle) forming 
another amino acid (Toole and Toole, 1987, p.l43; Raven et 
al, 1986, p.530). The amino acids are anabolized to new 
proteins which form, for example, the major structural 
components of the sprout's cells, and enzymes (Toole et al, 
1987, p.294). 
Aspartic acid is a non-essential amino acid, being readily 
synthesized in the body. The concentration of this amino acid 
increased more than 3 fold following germination. This is an 
advantage, as 
synthesis of 
p.243). The 
it can be easily deaminated, and used in the 
other non-essential amino acids (Harper, 1959 1 
other non-essential amino acids reduced in 
proportion after germination. 
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Although the methionine level decreased only slightly after 
the seed was sprouted, the total sulphur amino acid content 
decreased by over 30%. Sulphur amino acids are already 
considerably lower in lupin than is recommended by the World 
Health organization (WHO) (1985) for human growth and 
maintenance. Methionine acts as a source of sulphur for 
cystine synthesis, through the donation of the -SH 
(sulfhydryl) group of homocysteine, which is produced from 
demethylated methionine. If methionine is low, little cystine 
is synthesized (Harper, 1959, p.248). 
Of the other essential amino acids, only valine increased in 
proportion following germination. However, all I amino acids 
analysed, with the exception of methionine, were found in 
concentrations at least equal to those recommended by the ~ffiO 
(1985). 
Arginine is referred to by Harper (1959, pp.242-243) and 
Bachman (1949, p.217) as "partly essential". Although not 
completely essential to man, "the rate of synthesis may be 
inadequate to provide for all of the requirements of the 
tissues" (Harper, 1959, p.243). In research in which an 
arginine-free diet was fed to laboratory animals, growth was 
depressed by 25%, suggesting that a higher level of this 
amino acid is required by growing animals (Harper, 1959, 
p.243). It is possible that the reduction in arginine on 
sprouting could have depressed the growth of the laboratory 
rats used in this study. 
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r.n summary, most of the amino acids showed a ·drop in 
proportion following germination. Of particular importance 
are the sulphur amino acids, which are limiting in lupin seed 
and further decreased in the sprout, and arginine, which has 
been shown to depress the growth of young animals when 
present in insufficient amounts. It is difficult to determine 
what effect germination had on the levels of tryptophan, 
phenyalanine and histadine. 
3.5.1.2 Fat content 
The fat content of the lupin 
germination (Table 12). 
Table 12 
seed reduced following 
Change in fat content following germination 
Kernel 
Sprout 
Fat content % 
8.2 
4.1 
The decrease in fat may be due to its utilization as a source 
of energy. Fat molecules stored in the cotyledons are 
hydrolysed to glycerol and three fatty acids. Glycerol is 
metabolized to form pyruvic acid. The fatty acid portion 
undergoes beta oxidation. Coenzyme A (CoA) successively 
removes two carbon units from the fatty acid, to form acetyl 
CoA. Pyruvic acid and acetyl coA enter the citric acid cycle 
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where they break down to provide energy (stored· in the 
phosphate bonds of ATP), carbon dioxide and water (Raven et 
al, 1986, pp.86-88). 
3.5.1.3 Energy content 
The energy content changes following germination due to the 
utilization of nutrients, particularly fat and carbohydrate, 
as energy. It should be noted that the energy content was 
determined on a dry basis. The energy content of the sprout 
would be considerably less, as the lupin sprout contains 
around 92% water (Yu et al, 1985, p.177). 
3.5.1.4 Ash and mineral content 
The change in ash and mineral contents of the lupin seed 
following germination is illustrated in Table 13. The 
increase in ash content is attributed to the absorption of 
minerals from the water in which the seeds were soaked 
(particularly sodium potassium and phosphorus). 
Table 13 
change in ash levels following germination 
Kernel 
Sprout 
Ash 
% 
2.55 
3.98 
Ca 
% 
0.10 
0.26 
Na 
% 
0.06 
0.27 
K 
% 
0.89 
0.84 
Zn (ppm) 
42 
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p 
% 
0.29 
0.35 
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3,5.1.5 Oligosaccharide content 
The oligosaccharide content of the sprouted lupin decreased 
(Table 14). simple carbohydrates (for example, 
oligosaccharides) are utilized as the first source of energy 
during germination. Flatulence, and other side effects 
associated with the consumption of high oligosaccharide 
levels will not arise when the germinated seed is eaten. 
Table 14 
Change in oligosaccharide content following germination 
Kernel 
Sprout 
0!.1.gosacchar.1.de 
content % 
5.9 
0.3 
3.5.1.6 Alkaloid content 
The concentration of alkaloids in the lupin seed reduce 
considerably following germination. Alkaloids are used 
primarily by the seed and seedling as a defence mechanism. 
They are also considered to be used as a secondary source of 
nitrogen for protein synthesis. These levels reduce 
considerably following germination. 
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Table 15 
Alkaloid content of lupin seed and sprout (as received) 
Sample Alkaloid content % 
Kernel 
Sprout 
3.5.1.7 Phytate content 
Phytate levels drop when the 
16). This drop is caused by 
0.066 
0.014 
lupin seed is 
the breakdown 
sprouted (Table 
of phytate to 
phosphorus and inositol during germination (Bos, cited in 
Huisman et al, 1989, p.371). 
Table 16 
Change in phytate content following germination 
sample 
Kernel 
Sprout 
Phytate content % 
0.47 
0.16 
3.5.2 Nutritional evaluation 
3.5.2.1 Formulation of diets 
The experimental sprout diets were formulated based on the 
proximate analysis of nitrogen in a freeze-dried and milled 
sprout sample. This nitrogen figure was lower than that of 
the homogenised sprout on which the diets were based. 
I 
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Consequently, these diets were lower in protein ( 8. 3 and 
8.4%) than the expected 10%. This discrepancy was allowed for 
in the various calculations. 
3.5.2.2 Food intake 
The average daily food intake of the rat groups is given in 
Figure 5. 
Figure 5 
Average daily food intake 
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The apparent reduction in food intake shown (between days 18 
and 24) was due to the change in the collection method of 
wasted food. During this phase of the study, funnels designed 
to collect urine and faeces were attached to the bottom of 
the environmental cages. collection of the wasted food was 
easier, resulting in less loss and more accurate calculation 
of food consumption. It was not possible to correct for this. 
However, this discrepancy would have affected all groups 
equally. 
The rats in both of the 0.2% DL-methionine supplemented 
groups (kernel and sprout-based) consumed more food than the 
casein-based diet group, and considerably more than the 
unsupplemented diet groups. The intake of the diet 
supplemented with methionine increased to a level equivalent 
to the consumption of the casein-based diet. 
3.5.2.3 Weight change 
Individual rat weights varied by 28.21g at the commencement 
of the study. Restricted space for caging the rats, as well 
as limited financial resources, prevented the purchase of a 
greater number of animals. Each group of rats had gained 
weight by the end of the study (Table 17 and Figure 6). 
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Table 17 
Mean weight change of rat groups 
Average 1.n1. t1.al Average fJ.nal 
Rat group weight weight 
1 (Kernel) 66.7 ( = 7 .3) 115.6 <= 13.6) 
2 (Kernel +) 65.9 (!7.0) 227.0 (! 28.8) 
3 (Casein) 65.3 (: 8.4) 210.7 (: 21.2) 
4 (Sprout) 66.8 (:. 7 .6) 76.5 ( ~ 9.5) 
5 (Sprout +) 65.2 (:. 7.2) 138.0 ( ~ 12.7) 
NOTE : + represents supplementation with 0.02% DL-methionine 
Rats fed the 0.02% DL-methionine supplemented kernel-based 
diet gained slightly more weight than those fed 
thecasein-based diet, and more than those consuming the 
supplemented sprout-based diet. Both groups of rats on the 
supplemented diets gained more weight than did those on the 
corresponding unsupplemented feed. 
49 
Figure 6 
Rate of change of body weight over time 
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3.5.2.4 Protein efficiency ratio 
The protein efficiency ratio (PER) measures weight gain per 
gram of protein ingested. The higher the quality of the 
protein, the greater will be the weight gain per gram of 
protein. The results suggest that the quality of the lupin 
kernel protein is poor, but that supplementation with o.2% 
DL-methionine improves the quality to that of casein (Tables 
18a and 18b, and Figure 7). This result agrees with the 
findings of other studies {Sgarbieri et al, 1978; Yanez et 
al, 1983; Aguilera et al, 1986). 
Table 18a 
Analysis of variance - protein efficiency ratio 
Group Mean S .Dev. F{obs) P(Fobs) Dec~s~on 
Kernel 1.45 0.15 
Kernel + 2.87 0.17 
Casein 2.86 0.18 381.75 o.ooo Reject Ho 
Sprout 0.44 0.16 
Sprout + 2.57 0.20 
NOTE . + represents supplernentatJ.on with o.o2% DL-methJ.onJ.ne . 
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Table 18b 
Table of contrasts - protein efficiency ratio 
Mean d1ff. Cr~terJ.on DecJ.Sl.on 
Kernel vs Kernel + - 1.42 Reject Ho 
Kernel vs casein + 1.41 Reject Ho 
Kernel vs Sprout + 1.01 Reject Ho 
Kernel vs Sprout + - 1.12 Reject Ho 
Kernel + vs Casein + 0.01 Accept Ho 
0.121 
Kernel + vs Sprout + 2.42 Reject Ho 
Kernel + vs sprout + + 0.30 Reject HO 
casein vs Sprout + 2.42 Reject Ho 
casein vs Sprout + + 0.29 Reject Ho 
Sprout vs Sprout + - 2.12 Reject Ho 
NOTE: + represents supplementation with 0.02% DL-methionine 
NB: Roger's range test calculations are given in appendix D. 
Figure 7 
Graphical representation of protein efficiency ratio (means) 
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NOTE : + represents supplementation with 0.02% DL-methionine 
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PER values vary from place to place, and with different lots 
of casein (Hill, 1986). For this reason, an adjusted raw PER 
score (ARS) is calculated. The casein is given a value of 
2.5, and the other PER scores are recalculated and adjusted 
for comparison. Table 18c gives the PER, ARS and ratio values 
for the five groups. 
Table 18c 
PER, ARS, and ratio values 
Group PER ARS RATIO 
Kernel 1.45 1. 27 50.7 
Kernel + 2.87 2.50 100.4 
Casein 2.86 2.50 100.0 
Sprout 0.44 0.38 15.4 
Sprout + 2.57 2.24 89.9 
NOTE : + represents supplementation with 0.02% DL-methionine 
The PER of the kernel and sprout groups is low. 
supplementation of the kernel diet with 0.2% DL-methionine 
increases the protein quality to that of casein. There is a 
substantial increase in protein quality after supplementation 
in the sprout diets. However, the PER figure is significantly 
less than the supplemented kernel and casein values. This 
suggests that one or more of the amino acids decrease 
following germination. Biochemical analysis of the seed and 
I 
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sprout confirms this. The proportions of the sulphur amino 
acids and arginine reduce when the lupin seed is sprouted. 
The low PER values for the lupin sprout groups could be due 
to either of these, to a reduction of one of the essential 
amino acids not tested, or to a combination of these factors. 
Analysis of tryptophan, phenyalanine, and histidine levels is 
required. 
3.5.2.5 Apparent digestibility 
Apparent digestibility (AD) measures the digestibility, or 
availability, of nitrogen contained in the protein. That is, 
it measures the efficiency of the absorption of the nitrogen. 
This takes into consideration unabsorbed nitrogen, but not 
nitrogen loss that is naturally occurring through the 
excretion of intestinal enzymes, and the sloughing and 
elimination of cells from the digestive tract. The average 
apparent digestibility of each grou~ of rats is illustrated 
in Tables 1~a and 1~b, and Figure 8. 
Table 1~a 
Analysis of variance - apparent digestibility 
group Mean s.Dev. F(obs) P(Fobs) Dec~s1on 
Kernel 0.80 0.04 
Kernel + 0.81 0.03 
Casein 0.~2 o.o1 31.6~ o.ooo Reject Ho 
Sprout 0.77 o.os 
sprout + 0.84 0.02 
NOTE : + represents supplementat1on w1th 0.02% DL-meth~on1ne 
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Table 19b 
Table of contrasts - apparent digestibility 
Mean d1ff. Cr1. terJ.on Decl.sJ.on 
Kernel vs Kernel + - 0.01 Accept Ho 
Kernel vs casein - 0.12 Reject Ho 
Kernel vs Sprout + 0.03 Reject Ho 
Kernel vs Sprout + - 0.04 Reject Ho 
Kernel + vs Casein - 0.11 Reject Ho 
0.023 
Kernel + vs Sprout + 0.04 Reject Ho 
Kernel + VS Sprout + - 0.03 Reject Ho 
Casein vs Sprout + 0.15 Reject Ho 
Casein vs Sprout + + 0.08 Reject Ho 
Sprout vs sprout + - 0.07 Reject Ho 
NOTE : + represents supplementation with 0.02% DL-methionine 
Figure 8 
Graphical representation of apparent digestibility (means) 
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Kernel + --------------------X 
casein 
Sprout 
------------------------------------------------X 
-----------X 
Sprout + ----------------------------X 
o.74 .76 .78 .8o .82 .a4 .86 .sa .9o .92 
NOTE : + represents supplementation with 0.02% DL-methionine 
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Casein is significantly more digestible than the lupin 
protein. The addition of 0.2% DL-methionine significantly 
improves the digestibility of the lupin sprout protein, but 
not the lupin kernel protein. It would be expected from the 
results of the PER study that the supplemented lupin kernel 
would have a higher apparent digestibility than the 
unsupplemented kernel. This unexpected discrepancy does not 
appear to be an error in the calculations or methodology, but 
rather a statistical one. This work should be repeated in 
order to clarify this point. 
3.5.2,6 Ap~arent biological value and net protein 
uhlization 
Apparent biological value (BV) "measures the efficiency with 
which the body retains ingested protein" (Stare et al, 1984, 
p.113). Apparent net protein utilization (NPU) is based on 
both biological value and apparent digestibility 
calculations. It measures both the digestibility of the 
protein and the retention and utilization of the protein once 
absorbed (stare et al, 1984, p.l14). Apparent biological 
value and net protein utilization are related. A high quality 
protein will have close BV and NPU values. 
Biological value is dependent on the amino acid content of 
the protein. When essential amino acids are available in 
insufficient amounts for body needs, protein utilization is 
inefficient, and the biological value is low. The amino acid 
quality is less important when the diet is high in protein 
. 
56 
{Stare et al, 1984, p.113). The diets fed to the rats were 
designed to be marginal in protein amount {10%). The ideal 
rat diet contains 12% protein {NRC, 1978). The effects of 
poor amino acid quality are more likely to be observed in the 
former instance . 
The average apparent biological values of each group of rats 
are illustrated in Tables 20a and 20b, and Figure 9. 
Table 20a 
Analysis of variance - apparent biological value 
Group Mean S.Oev. F(obs} P(Fobs} Decl.sl.on 
Kernel 0.53 0.07 
Kernel + 0. 72 0. 06 
casein 0.68 0.04 7.99 o.ooo Reject Ho 
Sprout 0.57 0.16 
Sprout + 0.58 0.10 
NoTE : +represents supplernentat1.on w1.th 0.02% DL-methl.onl.ne 
NOTE : N equals 9 in both the supplemented and unsupplemented 
kernel groups. Two urine samples were lost when one water 
bottle leaked, contaminating the urine of two rats. 
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Table 20b 
Table of contrasts - apparent biological value 
Mean a~n. Crl.terJ.on DecJ.sJ.on 
Kernel vs Kernel + - 0.19 Reject Ho 
Kernel vs casein - 0.15 Reject Ho 
Kernel vs Sprout - 0.04 Accept He 
Kernel vs Sprout + - 0.05 Accept HO 
Kernel + vs Casein + 0.04 Accept Ho 
0.072 
Kernel + vs Sprout + 0.15 Reject Ho 
Kernel + VS Sprout + + 0.14 Reject HO 
Casein vs Sprout + 0.11 Reject HO 
Casein vs Sprout + + 0.10 Reject Ho 
Sprout vs Sprout + - 0.01 Accept Ho 
NOTE . + represents supplementat1.on w~th 0.02% DL-rnethJ.onJ.ne . 
Figure 9 
Gra hical representation of a arent biola ical value 
means 
.54 .56 .58 .60 .62 .64 .66 .68 .70 .72 
Kernel --X 
Kernel + -------------------------------------------------X 
Casein 
----------------------------------------X 
Sprout 
------------X 
Sprout + ---------------X 
.54 .56 .58 .60 .62 .64 .66 .68 .70 .72 
NOTE + represents supplementation with 0.02% DL-rnethionine 
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The data indicates that the quality of the lupin kernel 
protein is poor, but that supplementation with 0.2% 
DL-methionine improves the quality to that of the casein. 
This is not shown in the lupin sprout, as was expected from 
the PER study results. The amino acid profile indicates that 
the quality of the lupin protein 
• 
decreases following 
germination. The biological value data contradicts this, 
indicating that lupin kernel protein is poorer than the 
sprout protein. These discrepancies do not appear to be 
errors in the calculations or methodology, but rather a 
statistical one. This work should be repeated in order to 
clarify this point. 
There is a strong correlation between biological value and 
net protein utilization (0.991) (appendix E). If the 
biological value was high, net protein utilization also 
tended to be high. 
The average apparent net protein utilization values of each 
group of rats are illustrated in Tables 21a and 21b, and 
Figure 10. The data indicates that the digestibility and 
utilization of the lupin kernel protein is poor, but that 
supplementation with 0.2% DL-methionine increases the quality 
to the level of casein. There is no apparent change in the 
quality of the protein when the sprout is supplemented with 
methionine. 
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Table 21a 
Analysis of variance - apparent net protein utilization 
Group Mean S.Dev. F(obs) P(Fobs) DecJ.s1.on 
Kernel 0.43 o.os 
Kernel + 0.58 0.03 
Casein 0.63 0.04 14.66 0.000 Reject Ho 
Sprout 0.44 0.13 
sprout + 0.48 0.09 
NOTE : + represents supplementation with 0.02% DL-methionine 
NOTE : N equals 9 in both the supplemented and unsupplemented 
kernel groups. Two urine samples were lost when one water 
bottle leaked, contaminating the urine of two rats. 
Table 21b 
Table of contrasts - apparent net protein utilization 
Rean a1n. i::rl.terJ.on DecJ.sJ.on 
Kernel vs Kernel + - 0.15 Reject Ho 
Kernel VS casein - 0.20 Reject Ho 
Kernel vs Sprout - 0.01 Accept Ho 
Kernel vs Sprout + - 0. 05 Accept Ho 
Kernel + VS casein - 0.05 Accept Ho 
0.058 
Kernel + VS Sprout + 0.14 Reject Ho 
Kernel + vs sprout + + 0.10 Reject Ho 
casein vs Sprout + 0.19 Reject Ho 
casein vs Sprout + + 0.15 Reject Ho 
Sprout vs Sprout + - 0.04 Accept Ho 
NOTE . + represents supplementation W1tfi 0. 02% DL-rnethJ.onine • 
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Figure 10 
Graphical representation of net protein utilization (means) 
0.35 0.40 0.45 0.50 0.55 0.60 0.65 
Kernel ------------X 
Kernel + -----------------------------------X 
casein -----------------------------------------X 
sprout -------------x 
Sprout + --------------------X 
0.35 o.4o 0.45 0.50 0.55 0.60 0.65 
NOTE : + represents supplementation with 0.02% DL-methionine 
With small sample sizes, one or two atypical results can have 
a large influence on the sample statistics. The truncated 
mean is the mean of the sample distribution adjusted by the 
removal of extreme values. When truncated means are used, the 
differences between the supplemented and unsupplemented 
sprout net protein utilization values become significant. 
If the results 
correct, the 
using the truncated means are accepted as· 
data suggest that supplementation of lupin 
kernel and sprout with 0.2% DL-methionine improves protein 
quality. This is consistent with the findings of both the PER 
study and the amino acid profile. 
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4,0 STUDY 2 : THE USE OF LUPIN FOR HUMAN CONSUMPTION 
4.1 Introduction 
In addition to the evaluation of the nutritional value of 
lupins, it is also necessary to investigate their properties 
as a human food ingredient. 
Research into the incorporation of lupins into food products 
has been conducted since the mid to late 1970's. some studies 
have assessed the acceptance and nutritional quality of lupin 
food products through human feeding trials. 
4.1.1 Human feeding trials 
One of the earliest of the human feeding trials involved the 
incorporation of debittered lupin seed (L. albus cv. Astra) 
into various products, including bread, biscuits, sauces, 
soups and pasta. Gross et al (1976, cited in Hill, 1986, 
p.52) fed these products to 20 military cadets (in Peru) for 
four weeks (59.9 g/day) with no adverse effects. Following 
his initial trials, Gross et al (1980, cited in Hill, 1986, 
p.52) conducted a longitudinal study over a three year period 
in Chile, using children aged 8 to 15 years. When 13.8g of 
debittered lupin seed (L. albus) were added to the children's 
lunch, the result was an improvement in protein intake by 
65%. A similar experiment by Mermoud et al (1980, cited by 
Hill, 1986, p.52), also in Chile, involved feeding lupin-
62 
supplemented (55 g;day) meals to 82 children aged·8 to 16 
years. In both the latter experiments, no difference in 
acceptance was found between lupin-supplemented and 
non-supplemented products. several other human feeding 
trials have been conducted since this time, with the result 
that "provided alkaloids are removed, human food products 
which include lupins are readily accepted and have a 
nutritional quality similar to that of soya beans" (Hill, 
1986, p.53). 
4.1.2 Utilization of lupin 
Additional 
lupin-based 
research has involved the development 
fermented foods, protein isolates 
concentrates, baked products, and snack foods. 
of 
and 
Research has found that "cooked lupin seed could be made into 
an excellent Meju, the fermentation starter for Korean 
soybean sauce and paste" (Lee, 1986, p.68). Lupin could also 
be used in mise, a fermented product that is used in soups, 
dressings, dips, sc-·uces and spreads; and tempeh, a fermented 
food with a chewy t'"'ture (Petterson et al, 1990, p.267). 
A 30% substitution of lupin into tofu (a soybean curd) 
produces a curd with no deterioration in eating quality, and 
a 20% saving in the cost of raw ingredients (Hung, Kyle & Yu, 
1986, p.37). 
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Several researchers, including Ruiz and Hove (1976); Sabieri 
and Galeazzi (1978), Oliveros et al (1983) (cited in Hill, 
1986, p.S4), and Hill et al (1983 & 1984) (cited by Lee, 
1986, p.70) have produced lupin protein isolates and 
concentrates from lupin flour. Lupin protein concentrate has 
then been used to produce a lupin milk with a "sensory 
quality comparable to that of commercial soybean milk", and 
an "acceptable" lactic acid fermented lupin milk beverage 
(Lee et al, 1984; Han et al, 1985, cited by Lee, 1986, p.74; 
Ivanovic et al, 1982a,b & 1983, cited by Hill, 1986, p.54). 
The nutritional quality of lupin milk that has been fortified 
with 0.1% DL-methionine is as good as that of cows' milk 
(Camacho, Vasquez, Leiva, & Vargas, 1988). Protein isolates 
can be used as emulsifiers, binders, moisture retainers and 
stabilizes in meat products, and in the production of frozen 
desserts (Petterson et al, 1990, p.268). 
Other studies have involved the incorporation of lupin flour 
into baked products and pasta. Researchers, including El Dash 
et al (1980), Reyes and Gross (1982) and Ballester et al 
(1984) (all cited by Hill, 1986, p.53l have found that the 
optimum proportion of lupin flour in bread is 10-12%. At this 
level, no reduction in the eating quality of the bread is 
observed, and keeping quality improved. 
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Lupin flour has been successfully added to biscuits, ·cake and 
pasta at 25%, 20% and up to 30% respectively (Reynso et al, 
1983; Reyes and Gross, 
Lucisano and Pompei, 
pp.53-54). 
1982; Gardiman and Ballester, 1984; 
1984; all cited in Hill, 1986, 
Lupin (L. albus) has been used as a snack food in Italy for 
hundreds of years. The seed is cooked, and soaked in brine 
(Petterson et al, 1990, p.267). Schweers (1989) produced an 
acceptable, microwave-popped, savory lupin snack food. 
variability in the texture of the "pops" was observed. 
may be overcome by further refinement of cooking methods. 
Some 
This 
Lupin can be used as a source .of dietary fibre. The lupin 
hull is being used as a fibre supplement in some Australian 
breads (Petterson et al, 1990, p.267). 
4.1.3 Use in gluten-free diets 
Of particular interest is the use of lupin flour in the diets 
of individuals with coeliac disease. coeliac disease, or 
gluten-induced enteropathy, is defined as "a permanent 
inability to tolerate dietary" gluten, the protein found in 
wheat, rye, barley, oats, and some other cereals (Brunner and 
Suddarth, 1978, p.1597). Although the cause of the disease 
is unknown, it appears that it tends to be genetically 
linked. The disease is most commonly diagnosed between 6 and 
24 months (typically, 9 to 18 months). In its mild form, it 
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may remain undetected until adulthood. Symptoms are 
numerous, but usuallY include: malabsorption; frequent soft, 
frothy, pale, bulky bowel motions containing fat; abdominal 
distension; mood changes; and impaired growth (Brunner et al, 
1978, pp.1597-1598). In adults, the characteristic bowel 
motions may be absent. "Instead, the diagnosis is made during 
the investigation of an unexplained anaemia, weight loss, or 
bruising tendency" (Seely, Freed, Silverstone & Rippere, 
1985, p.15). Also characteristic of the disease, in both 
adults and children, is the abnormal intestine. "The wall of 
the intestine is thin, the mucosa lacks the normal 
finger-like projections called villi, the crypts are 
increased in size and cellular contents, and there is 
sometimes considerable inflammation" (Seely et al, 1985, 
p.15). Figure 3 illustrates the abnormal intestine. 
Figure u 
The intestinal structure of a normal and abnormal coeliac 
NORMAL COELIAC 
(Seely et al, 1985, p.16) 
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Treatment is a life-long avoidance of gluten-containing 
foods. Most individuals suffering from coeliac disease regain 
normal health once gluten has been removed from the diet, and 
the intestine reverts to normal (Seely et al, 1985, p.19; 
Brunner et al, 1978, pp.1599). Lupin is gluten-free, and 
suitable for use by individuals with this disorder. 
The total substitution of lupin flour for gluten-containing 
flours (particularly wheat) was investigated. Preliminary 
investigation (using members of the coeliac Society of WA, 
and staff and students at the WA College of Advanced 
Education) found that the incorporation of 100% lupin flour 
into the shortbread biscuit recipe was unsuccessful. The 
flavour, and aftertaste were found to be unpleasant and 
bitter. A 50% lupin/50% rice flour mix reduced the unpleasant 
flavours and aftertaste, but was still not found acceptable. 
The addition of lemon or chocolate flavouring significantly 
improved product acceptability. However, the product was only 
partially successful. The product development and pilot 
evaluation data is presented in appendix F). 
4.1.4 Substitution of lupin flour in biscuits 
The main purpose of this study was to determine the 
proportion of lupin flour that could be substituted for wheat 
flour in a standard shortbread biscuit, without producing any 
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deterioration in eating quality. This involved· product 
development, and scientifically designed and controlled 
sensory evaluation. 
4.1.4.1 The role of flour in baked products 
The role of flour in baked products is two-fold; it gives 
elasticity and rigidity to batters and doughs. Elasticity is 
determined by the gluten content of the flour, and rigidity 
by gluten and starch contents (Charley, 1982, p.177). 
Manipulation of the dough or batter develops the protein by 
moving and aligning fibrils to cause bonding. The gluten 
allows the dough to stretch and expand to retain gasses 
(elasticity), thus enabling the product to rise. The protein 
coagulates some minutes after heat is applied, so maintaining 
the increased volume (Charley, 1982, p.155). Although 
biscuit doughs sometimes contain a small amount of raising 
agent, shortbread does not. The "elasticity" function of 
gluten is not required for this product. 
Coagulation of the protein (gluten) provides the rigidity of 
baked products, as does gelatinization of starch. 
Gelatinization describes the process by which starch granules 
swell in the presence of liquid. This process begins in cold 
water, and continues as the 
the liquid. Once they have 
mixture is heated, so thickening 
absorbed the maximum amount of 
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water, the granules rupture, and further thickening occurs 
(Charley, 1982, p.120-123). 
4.1.4.2 The potential role of lupin flour in biscuits 
Lupin flour contains virtually no starch, and is gluten free. 
It is high in protein, the coagulation of which will provide 
rigidity. The addition of rice flour, or another high starch 
flour, will also add to the rigidity through gelatinization. 
The fact that lupin flour contains no gluten should not 
present any major problems. charley (1982, p.248} states that 
the less gluten there is in 
the product. Therefore, the 
a flour, the more tender will be 
lupin shortbread should be very 
tender; a desirable attribute in this type of biscuit. 
Lupin flour tends to absorb more fat and moisture than does 
wheat flour. However, the fat content of the lupin is higher. 
The proportion of fat in the lupin biscuit may need to be 
altered to compensate for these factors. 
4.1.4.3 Product development 
The steps used to develop the recipes used i.n the sensory 
evaluation are given on the following pages (Table 22}. The 
control recipe had previously been altered, where necessary, 
to produce the same results when cooked in a biscuit form 
more suited to the evaluation (appendix F). 
Table 22 
Recipe development 
control 
Ingredients 
250g butter 
30g rice flour 
45g icing sugar 
250g plain flour (wheat) 
Method 
1.Rub butter into sifted 
dry ingredients. 
2.Press ingredients 
together firmly. 
3.Turn onto lightly 
floured surface. 
4.Knead lightly till 
smooth. 
5.Shape mixture into 
15-16g balls. 
6.Place onto greased 
baking sheet. 
?.Push down lightly 
with fork. 
a.Bake at 150 deg. c. 
for 20 minutes. 
9.Stand 10 minutes. 
Cool on wire rack. 
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Modification 1 
10% lupin 
250g butter 
30 g LUPIN FLOUR 
45 g icing sugar 
250g wheat flour 
As per control 
Modification 2 
30% lupin 
250g butter 
B4g LUPIN 
FLOUR 
45g icing 
sugar 
196g wheat 
flour 
As per 
control 
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Table 22 Recipe development continued 
Control 
Results 
Texture - very short 
- tender 
Colour - pale 
Flavour - delicate, 
subtle, pleasant 
Mouthfeel - slightly 
gritty 
Aftertaste - pleasant 
Conclusion 
Acceptable control 
Modification 1 
Texture - very 
short, tender 
- too "fatty" 
- slightly 
doughy in centre 
Colour - slightly 
lemon 
Flavour - subtle 
pleasant, 
Mouthfeel - smooth 
Aftertaste -
pleasant 
Very similar to 
control in 
flavour and 
appearance 
Modification 2 
Texture - very 
short, tender 
- too 11 fatty" 
- more doughy 
in centre 
than previous 
modification 
Colour -
slightly more 
yellow than 
previous mod. 
Flavour -
unusual but 
not unpleas-
ant 
Mouthfeel -
smooth 
Aftertaste -
noticeably 
different 
Reduce fat Reduce fat 
Lupin contains a hlgher proportion 
of fat than wheat flour -
compensate by reducing butter. 
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Table 22 : Recipe development continued. 
Modification 3 
10% lupin 
248. 74g BUTTER 
30 g lupin flour 
45 g icing sugar 
250g wheat flour 
Modification 4 
30% lupin 
246. 31g BUTTER 
84 g 1 upin flour 
45 g icing sugar 
196g wheat flour 
Me hod 
As per control As per control, 
Results 
As for modific-
ation 1 
except . .. 
no appearance of 
fattiness 
As for mod. 2 
except .•. 
no appearance of 
fattiness 
Increase 
Cone usion 
cooking tlme to reduce 
ance of doughiness 
appear-
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Table 22 : Recipe development continued. 
Modification 5 Modification 6 Modification 7 
Control 10% lupin 30% lupin 
As for control As for mod. 3 As for mod. 4 
Method 
As per control but As per control As per control 
cook for 25 minutes but cook for but cook for 
25 minutes 25 minutes 
Results 
As control As for modific- As for mod. 2 
ation 1 
except ... except . .. except .•. 
slightly more brown no appearance of little 
doughiness appearance 
of doughines 
slightly more slightly more 
s 
brown brown 
Conclusion 
Acceptable control Acceptable Acceptable 
experimental 1 experimental 
2 
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4.1.4.4 Final recipes 
SHORTBREAD 
(Control) 
Ingredients 
250g butter 
30 g rice flour 
45 g icing sugar 
250g plain wheat flour 
Method 
l.Rub butter into sifted dry ingredients. 
2.Press ingredients together firmly. 
3.Turn onto lightly floured surface. 
4.Knead lightly till smooth. Shape mixture into 15-16g (2 level, metric teaspoon) balls. 
5.Place onto greased baking sheet. Push down lightly 
with fork. 
6.Bake at 150 deg. c. for 25 minutes. 
?.stand 10 minutes. Cool on wire rack. 
Makes approximately 25 biscuits. 
Ingredients 
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10% LUPIN 
(Experimental 1) 
247.74g butter 
30.00g lupin flour 
45.00g icing sugar 
250.00g plain wheat flour 
Method 
1.Rub butter into sifted dry ingredients. 
2.Press ingredients together firmly. 
3.Turn onto lightly floured surface. 
4.Knead lightly till smooth. Shape mixture into 15-16g (2 level, metric teaspoon) balls. 
5.Place onto greased baking sheet. Push down lightly 
with fork. 
6.Bake at 150 deg. C. for 25 minutes. 
?.stand 10 minutes. Cool on wire rack. 
Makes approximately 25 biscuits. 
Ingredients 
246.31g butter 
30% LUPIN 
(Experimental 2) 
B4.00g lupin flour 
45.00g icing sugar 
196.00g plain wheat flour 
Method 
1.Rub butter into sifted dry ingredients. 
2.Press ingredients together firmly. 
3.Turn onto lightly floured surface. 
4.Knead lightly till smooth. Shape mixture into 15-16g (2 level, metric teaspoon) balls. 
5.Place onto greased baking sheet. Push down lightly 
with fork. 
6.Bake at 150 deg. c. for 25 minutes. 
?.Stand 10 minutes. Cool on wire rack. 
Makes approximately 25 biscuits. 
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4.2 Justificatory statement 
The use of lupin flour as a partial substitute for wheat and 
other flours is of importance when seeking to increase the 
nutritive value of a product, or when seeking alternative 
uses for lupin in human nutrition. 
The protein content of the lupin kernel, and hence the lupin 
flour, is high, both in quantity and quality once 
supplemented with methionine. 
In addition, increasing lupin usage to include incorporation 
into human, as well as animal, food could prove to be of 
economic advantage to Western Australia. Australia is now the 
world's largest grower of lupin seed, producing 855 thousand 
tonnes in 1988, 730 thousand tonnes of which were grown in 
Western Australia (McLennan, 1989, p.5). 
It can be concluded that the development of products using 
lupin as a ingredient could be both nutritionally and 
economically advantageous to Australian consumers and 
manufacturers. 
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4.3 statement of aims 
1. To investigate the use of lupin flour in baked products, 
with a view to increasing nutritive value. 
2. To determine the proportion of lupin flour that can be 
added to a biscuit without producing a deterioration in 
eating quality. 
2. To conduct sensory evaluation of products developed with 
lupin flour as an ingredient. 
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4.4 Methods and procedures 
4.4.1 subjects 
Sensory evaluation of the products used self-selected 
(volunteer) members of the general community who attended the 
Quairading Grains EXpo (at Quairading, Western Australia), 
during the weekend of October 20 and 21, 1990. Quairading was 
chosen as the site for sensory evaluation because it is 
situated in a lupin growing area. This provided an 
opportunity to increase grower awareness of the additional 
income potential of incorporating lupin into food products. 
Siegel (1956, p.9) states that a large ~ reduces the risk of 
alpha and bEta errors. The minimum number of 80 untrained 
respondents (IFT, 1964) was easily obtained, with the total 
number reQching 104. 
4.4.2 Instrument 
The test instrument was designed using undifferentiated 
scales on which respondents were asked to rate hedonic and 
quantitative attributes. This scale type is a sensitive 
measuring instrument on which responses tend to be evenly 
distributed. No escape clauses are included. The instrument 
was used as an interval scale, allowing the symbols to be 
given a numerical value. The 
arbitrary value of zero, 
left hand anchor was given an 
with each subsequent unit 
representing one additiona) value. The numerical value given 
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to a symbol depends on its position on the scale. statistical 
analysis can be carried out. The sensory attributes were 
selected based on comments made during preliminary testing, 
and were refined, where necessary, following pilot testing. A 
copy of the sensory evaluation questionnaire is found in 
appendix G. 
4.4.3 Design 
4.4.3.1 Experimental variable 
The experimental variable of this evaluation 
differing flour types (lupin and wheat). 
4.4.3.2 Control variables· 
Food ingredients 
was the 
The various ingredients used throughout the development of 
the recipes came from the same packet, or were of the same 
brand. 
Preparation and cooking methods 
The preparation of all batches of biscuits followed the same 
procedure. Ingredients were weighed to two decimal places 
using a top loading balance. The dry ingredients were sifted 
into a bowl, the butter added, and the ingredients combined 
(using the rubbing-in method} until the mixture formed a 
dough. The dough was kneaded until it became smooth. Two 
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level, metric teaspoons {15-l6g) of the mixture were rolled 
into balls, placed on a greased oven tray, lightly pressed 
with a fork, and baked in the centre of a fan-forced electric 
oven at 150 degrees celcius for 25 minutes. Two ovens of the 
same age, brand and type were used throughout. 
When cooked, the biscuits were removed from the oven, cut in 
half, cooled for ten minutes, and placed on a wire rack until 
cold. They were stored in airtight containers until used. 
Presentation of samples 
Sample colour, temperature and size/amount on presentation to 
the respondents were controlled. As colour difference between 
the biscuits was barely noticeable, no artificial colouring 
was used. All samples were served at room temperature, and 
were matched for size before being offered to the 
respondent. 
4.4.3.3 Procedure 
Following the selection of a standardized, basic recipe, 
lupin flour was substituted for the more usual alternative 
{wheat flour), and the recipe altered where necessary to 
achieve an acceptable product. 
samples were coded and presented using symbols and plate 
divisions to which no order could be associated. These two 
factors reduced the risk of a response bias. 
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Coding 
~ control, shortbread, 90% wheat flour I 10% rice flour 
+ : experimental 1, 90% wheat flour 1 10% lupin flour 
V experimental 2, 70% wheat flour 1 30% lupin flour 
Presentation 
v + 
$ 
4.4.4 Data Analysis 
Data obtained was analysed on an IBM compatible personal 
computer using the MINITAB statistical package. Analysis 
included means, standard deviations, one-way analysis of 
variance (ANOVA), histograms and correlations. The data is 
presented in graphical and tabular form. 
4.4.5 statement of Hypothesis 
The null hypothesis stated that there was no significant 
difference between the samples, and is expressed as: 
Ho: X$ = X+ = Xv 
The alternative hypothesis stated that there was a 
significant difference between the samples, and is shown in 
the following format: 
Ha: X~ * X+ * Xv 
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The acceptance or rejection of the null hypothesis ·is based 
on the value ofF(~= 0.05) obtained from a one way analysis 
of variance. If the null is rejected, a multiple range test 
(after Rogers, 1965, p.43) is used to contrast the pairs of 
groups for statistical differences. Using the Rogers 
technique, the null hypothesis is rejected if: 
where 
JMi- MjJ >J V, X MSW x F (1- o..)v, x ~c'J.) 
N 
v, = experimental treatments degrees of freedom 
(a - 1) 
MSW = analysis of variance (error term) (Rogers, 1965) 
F(1 - o. )v, = F~,100 = 2.38 (<>'- = 0.05) 
zc'ij =sum of the square of the control 
coefficient 
n = number of respondents 
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4.5 RESULTS 
4.5.1 Demographic data 
Respondents were asked to indicate their age and sex (Tables 
23 and 24, and Figure 12). 
AGE 
Table 23 
Age of respondents 
N 
88 
Figure 12 
minimum 
age 
15 
maximum 
age 
79 
mean 
40.68 
standard 
deviation 
13.62 
Graphical representation of ages of respondents 
14 -
12 -
F 
R 10 -
E 
Q 8 -
u 
E 6 -
N 
c 4 -
y 
2 -
AGE 
(years, mid-points with 
five year spans) 
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Of those respondents who answered the question, 74% were aged 
between 25 and 50 years, while only 5% were younger than 25, 
and 20% older than so. 
GENDER 
Table 24 
sex of respondents 
Male 
Female 
Total 
NUmber 
55 
46 
101 
Percentage 
54.5 
45.5 
100.0 
The number of male respondents slightly outnumbered female 
respondents. 
Because of the unequal distribution of age and sex of 
respondents, and because of the non-random selection of 
respondents, the results of this pilot study cannot be 
generalized to the population. 
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4.5.2 Eating characteristics 
ATTRIBUTE: Flavour Pleasantness (very unpleasant to very 
pleasant) 
Background: 
Preliminary testing indicates that the 30% lupin sample had a 
le~s pleasant flavour than the 10% lupin and control 
(shortbread) samples. The 10% lupin sample was seen as having 
a different, though not unpleasant flavour. 
Although a firm prediction cannot be made, it is likely that 
the 10% lupin and control~ samples will be preferred over the 
30% lupin. 
Table 25a 
Analysis of variance - Flavour pleasantness 
N = 104 
Sample Mean s.Dev F(obs) P{F obs) Decl.sl.on 
Control (<!>) 34.7 7.9 
10% lupin (+) 33.1 8.6 11.80 o.oo Reject Ho 
30% lupin (V) 29.0 9.5 
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Table 25b 
Table of contrasts - flavour pleasantness 
Mean d1ff. CrJ.terl.on DecJ.sJ.on 
Control vs 30% lupin + 5.7 Reject Ho 
(t1>) vs (V) 
30% lupin vs 10% lup - 4.1 2.64 Reject Ho 
(V) vs (+) 
10% lupin vs control - 8.6 Accept Ho 
(+) vs (Ill) 
(Roger's range test ~alculations appear in appendix H) 
Figure 13 
Schematic representation of flavour pleasantness (means) 
very unpleasant I . . . . . . . . . ... very pleasant ........ ... v .. +.dl ..•. ........ I 
Comments: 
The results confirm the findings of the preliminary testing. 
The flavour of the control and 10% lupin samples were found 
to be significantly more pleasant than the 30% lupin sample. 
It is clear that the flavour of lupin is noticeably different 
from that of wheat flour, and that, in the higher 
concentrt .• tion, it is seen as less pleasant. 
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There is a strong correlation between flavour pleasantness 
and eating texture pleasantness (0,613), aftertaste (0.617), 
and overall acceptability (0.713) (appendix I). A high rating 
for flavour pleasantness is likely to result in high ratings 
for eating texture pleasantness, aftertaste, and overall 
acceptability. 
ATTRIBUTE: Unusual flavours (nil to very strong) 
Background: 
Preliminary evaluation has found that both the 30% and 10% 
lupin biscuits have a flavour different to that of the wheat 
flour- based biscuit (control). However, this flavour was 
not judged to be unpleasant. 
Although it is difficult to determine the outcome of sensory 
evaluation on this attribute, it is possible that the 
"different" flavour of lupin will be rated as unusual. 
If this is true, the 30% lupin biscuit may be seen as having 
stronger unusual flavours than the 10% or control 
(shortbread) samples. 
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Table 26a 
Analysis of variance - Unusual flavours 
N = 103 
Sample 
Control (dl) 
10% lupin (+) 
30% lupin (V) 
Table 26b 
Mean 
17.0 
20.7 
22.5 
S.Dev F(obs) 
10.6 
11.4 
12.1 
6.17 
Table of contrasts - unusual flavours 
P(F obs) Dec~s~on 
0.002 Reject Ho 
Mean d~ff. CrJ.terJ.on DecJ.sJ.on 
control vs 30% lupin - 5.5 
(dJ) VS (V) 
Reject Ho 
30% lupin vs 10% lup + 1.8 3.47 Accept Ho (V) vs (+) 
10% lupin vs control + 3.7 
(+) VS ( dl) 
Reject Ho 
Figure 14 
Schematic representation of unusual flavours (means) 
nil I .... . . . . . . . . . ~ .. very strong + v. . . . . . . . . . . . . . . . . . . . . . 1 
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Comments: 
The results indicate that the biscuits with 10% and 30% lupin 
flour had significantly stronger unusual flavours than the 
control (shortbread) sample. 
These results confirm the expectation that the "different" 
flavour associated with lupin would be seen as unusual. 
Although the 30% sample tended to be rated as having stronger 
unusual flavours than the 10% sample, this difference was not 
significant. 
The trimodal distribution of responses observed for the 30% 
lupin sample indicates some uncertainty on the part of the 
respondents. Uncertainty is often associated with this 
attribute, due to the ambiguity of the phrase "unusual 
flavours". Respondents may have had different perceptions of 
what was meant by the term. 
As the respondents were not asked to name the unusual 
flavours, there is no way of knowing what these were. 
However, it seems they could detect a difference in both the 
10% and 30% lupin-supplemented biscuits, possibly due to the 
concentration of alkaloids in the lupin flour. 
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ATTRIBUTE: Eating Texture Pleasantness (very unpleasant to 
very pleasant) 
Background: 
Eating texture may be affected by two different factors. 
Firstly, the shortbread biscuit (control) contains rice flour 
which has a characteristic grittiness. This could affect the 
perceived eating texture pleasantness of the sample. It is 
difficult to tell, however, if the gritty texture would 
increase or decrease pleasantness. 
Secondly, the chemical composition of lupin, wheat, and rice 
differ, particularly in fat and protein contents. The amount 
of butter added to each recipe was adjusted so that the 
proportion of fat in each was the same. However, the protein 
contents and types do differ. Charley (1982, p248) states 
that the less gluten found in a flour, the more tender will 
be the product. Lupin contains no gluten. Therefore, the 30% 
lupin biscuit should be more tender than the 10% lupin and 
control (shortbread) samples. The higher protein content 
could result in a biscuit with a more rigid structure, 
particularly in the 30% lupin biscuit. This would be offset 
by the minimal gelatinization of starch (lupin contains 
virtually no starch) (see literature review - function of fat 
and flour, pages 27-28). 
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It is difficult to predict the outcome of this attribute. The 
control (shortbread) sample may be seen as having a more, or 
less, pleasant texture because of the addition of the gritty 
rice flour, and the lupin biscuit more, or less, pleasant due 
to the differing chemical composition of the flours. 
Preliminary testing suggests that all biscuits are equally 
acceptable in eating texture. 
Table 27a 
Analysis of variance - Eating texture pleasantness 
N = 102 
Sample ~ean S.Dev F(oosj P(F oosj 
Control ( $) 33.9 8.8 
10% lupin (+) 34.1 8.3 6.80 0.001 
30% lupin (V) 30.1 9.2 
Table 27b 
Table of contrasts - eating texture pleasantness 
Mean diff. CrJ.terion 
control vs 30% lupin + 3.8 
(d>) vs (V) 
30% lupin vs 10% lup - 4.0 2.67 
(V) vs (+) 
10% lupin vs control + 0.2 
(+) vs ($) 
Dec~s~on 
Reject Ho 
DecJ.sJ.on 
Reject Ho 
Reject Ho 
Accept Ho 
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Figure 15 
Schematic representation of eating texture pleasantness 
means 
very unpleasant 
1 • . . . . • • • • •.. . . . . . ... 
+ very pleasant 
.... v ... $ ........ ····I 
Conunents: 
The recults show that there is no significant difference in 
eating texture pleasantness between the shortbread and 10% 
lupin samples. This indicates that the addition of 10% lupin 
flour to the shortbread biscuits does not affect the 
pleasantness of the eating texture. 
The 30% lupin sample was found to have a significantly less 
pleasant eating texture than either the control or 10% lupin 
samples. This suggests that the chemical composition of the 
lupin flour (possibly the high protein and low starch 
contents) affects the texture of the biscuit adversely. 
There is, however, a significant correlation between eating 
texture pleasantness and flavour pleasantness (0.646), 
aftertaste (0.613), and overall acceptability (0.629). If the 
sample was found to have a pleasant flavour and aftertaste, 
it was also thought to have a pleasant eating texture. It is 
possible that the respondents were confusing eating texture 
with flavour. 
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ATTRIBUTE: Eating Texture Grittiness (very smooth to 
very gritty} 
Background: 
The shortbread biscuit recipe contains 10% rice flour which 
has a characteristic grittiness. Preliminary testing suggests 
that, at this level, the resulting biscuits are noticeably 
more gritty than the samples not containing rice flour. This 
indicates that the shortbread sample will be rated higher 
than the lupin biscuits in terms of this attribute. 
It is also anticipated that respondents will be unable to 
detect any grittiness in the two lupin samples, with the 
exception of demand characteristics. 
Table 2Ba 
Analysis of variance - Eating texture grittiness 
N = 100 
sam11Ie Mean s. !iev F!o5s) l'{F o5sj I5ecl.sion 
Control ($} 23.2 11.0 
10% lupin (+} 22.2 9.1 1.21 0.299 Accept Ho 
30% lupin (V} 24.4 9.7 
Figure 16 
Schematic 
means 
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representation of eating texture grittiness 
very smooth I .. 0 • • •• 0 • 0 • • • •• 0 • +<I>V •• 0 0 • • • • • ••• very gritty • . . • . . . • 1 
Comments: 
contrary to expectations, no significant difference was found 
to exist between the samples. The grittiness of the 
shortbread was judged to be similar to the grittiness of the 
two lupin samples. 
It appears that the proportion of rice flour was too low to 
be detected as "gritty" by most respondents. The detection of 
grittiness in biscuits not containing rice flour could be a 
demand characteristic. That is, the respondents may think 
that, because the question was asked, all samples must be 
gritty. They then mark the scale accordingly. It is also 
possible that the biscuits appear equally gritty because both 
lupin and rice flour have a larger particle size than wheat 
flour. 
The presence of bimodal or trimodal distributions of results 
on all samples suggest that respondents were confused by the 
term, "unusual flavours 11 • 
A significant difference in perceived grittiness may have 
been observed had the scale been labelled from "not at all 
gritty" to "very gritty". 
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ATTRIBUTE: Eating Texture Crispness {very soft to very 
crisp) 
Background: 
Lupin flour has a higher water absorbance capacity than do 
wheat and rice flours. Therefore, the biscuits incorporating 
lupin flour should absorb more moisture from the atmosphere 
than the others, when both are prepared, cooked and stored 
under the same conditions. 
Although a firm prediction cannot be made, it is likely that 
the 10% and 30% lupin biscuits will be perceived as more 
moist, or soft, than the control {shortbread) • Preliminary 
testing indicated that moistness and softness were highly 
correlated. A sample that was judged to be more moist was 
also seen as more soft. 
Table 29a 
Analysis of variance - Eating texture crispness 
N = 102 
Sample 
Control {I!>) 
10% lupin {+) 
30% lupin {V) 
Mean 
23.4 
26.1 
27.8 
s.bev 
11.3 
10.2 
10 0 0 
F(obs) P(F obs) 
4.54 0.011 
beCl.SJ.OD 
Reject Ho 
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Table 29b 
Table of contrasts - eating texture crispness 
Mean a~tf. Cr.J.ter.J.on Dects.J.on 
Control vs 30% lupin 
(ill) VS (V) 
- 4.4 Reject Ho 
30% lupin vs 10% lup + 1. 7 3.22 Accept Ho 
(V) vs (+) 
10% lupin vs control 
(+) vs ($) 
- 2.7 Accept Ho 
Figure 17 
Schematic representation of eating texture crispness (means) 
very soft 
1··················~-+.v ..... ... 
very crisp 
. . . . . . . . I 
Comments: 
The data do not support the expected outcome. The control 
(shortbread) sample was perceived to be less crisp than the 
30% lupin biscuit. There was no significant difference in 
crispness between the control and 10% lupin samples, or the 
10% and 30% samples. 
It is possible that the respondents were confusing 
"crispness" with "crunchiness". The larger particle size of 
the lupin flour may have been perceived as increasing 
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crunchiness/crispness in the 30% lupin sample. Using the 
alternative end anchors of "very moist" and "very dry 11 may 
have avoided this apparent confusion. 
4.5.3 Aftertaste 
ATTRIBUTE: Aftertaste> (very unpleasant to very pleasant) 
Background: 
Preliminary evaluation indicated that an unusual aftertaste 
was present in both lupin samples. It was stronger in the 30% 
lupin biscuit than the 10% on~. The aftertaste, while not 
unpleasant, was seen as less pleasant in the 30% sample. 
Respondents also felt that the 10% sample had a more pleasant 
aftertaste than the shortbread (control). 
It is therefore anticipated that the control and 10% lupin 
samples will be rated as having a more pleasant aftertaste 
than the 30% sample. 
It is also likely that the aftertaste of the product will be 
correlated with perceived flavour pleasantness and unusual 
flavours. That is, that if the product was found to have a 
pleasant flavour, and few unusual flavours, that it would 
also be judged to have a pleasant aftertaste. 
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Table 30a 
Analysis of variance - Aftertaste 
N = 103 
sample 
control ( cjJ) 
10% lupin (+) 
30% lupin (V) 
Table 30b 
Mean 
34.1 
33.6 
28.3 
s.Oev F(obs) 
8.2 
8.4 13.26 
10.2 
Table of contrasts - aftertaste 
Mean d1.ff. 
control vs 30% lupin + 5.8 
(<b) vs (V) 
30% lupin vs 10% lup - 5.3 (V) vs (+) 
10% lupin VS control - 0.5 
(+) vs (<b) 
Figure 18 
P(F obs) DecJ.sJ.on 
0.000 Reject Ho 
Cr1.ter1.on DecJ.sJ.on 
Reject Ho 
2.12 Reject Ho 
Accept Ho 
schematic representation of aftertaste (means) 
very unpleasant 
1 • . . . . . . . . . . • . . • . . . • • . . v. 
+ very pleasant 
• •• 41 • • • • • • • • • • • • 1 
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Comments: 
The results confirm the expectation that the 10% lupin and 
shortbread (control) samples would be rated as having a more 
pleasant aftertaste than the 30% lupin biscuit. No 
significant difference was noted between the shortbread and 
10% lupin samples. These were seen to have equally pleasant 
aftertastes. 
The expected correlation between aftertaste and flavour 
pleasantness (0.617) is shown in the Table of correlations 
(appendix I). Aftertaste was not correlated to unusual 
flavours (as presumed), but was correlated to eating texture 
pleasantness (0.646), and overall acceptability (0.783). 
4.5.4 Overall acceptability 
ATTRIBUTE: overall acceptability (totally unacceptable to 
totally acceptable) 
Background: 
While firm predictions cannot be made, it is likely that 
overall acceptability will be determined by the perceived 
flavour pleasantness, aftertaste pleasantness, and the 
strength of any unusual flavours. Based on the expected 
outcomes of these attributes, it is anticipated that the 
control (shortbread) and 10% lupin samples will be judged 
more acceptable than the 30% lupin sample. 
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Table 31a 
Analysis of variance - overall acceptability 
N = 96 
Sample 
Control ( ljl) 
10% lupin (+) 
30% lupin (V) 
Table 31b 
Mean 
34.3 
34.1 
30.1 
S.Dev F(obs) 
B.B 
8.7 
10.0 
6.47 
P(F obs) Dec~sion 
0. 002 Reject Ho 
Table of contrasts - overall acceptability 
Mean d1ff. Cr1ter1on Decl.Sl.On 
Control vs 30% lupin + 4.2 
(I!>) vs (V) Reject Ho 
30% lupin vs 10% lup - 4.0 2.90 Reject Ho 
(V) vs (+) 
10% lupin VS control - 0.2 
(+) vs (<I>) 
Accept Ho 
Figure 19 
Schematic representation of overall acceptability (means) 
totally unacceptable I . . . . . . . . . . . . . ... .... + totally acceptable . ... v .. . <Jl ....•.•.•.•. 1 
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Comments: 
As expected, the control (shortbread) and the 10% lupin 
samples were found to be significantly more acceptable than 
the 30% lupin sample. 
The predicted high correlation with flavour pleasantness 
(0.713) and aftertaste (0.783) were confirmed (see Table of 
correlations, appendix I). Also influencing overall 
acceptability was eating texture pleasantness (0.629). If the 
sample was judged to have a pleasant flavour, aftertaste, and 
eating texture, it was also 
little correlation between 
acceptability (-0.217). 
seen as acceptable. There was 
unusual flavours and overall 
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5,0 DISCUSSION AND CONCLUSIONS 
The findings of this study indicate that lupin seed and 
sprout could be an acceptable food ingredients. 
The sensory evaluation results indicate that 10% lupin flour 
can be successfully incorporated into 
No deterioration in eating quality 
level. The overall acceptability 
shortbread biscuits. 
was observed at this 
of the product was 
determined by its perceived flavour pleasantness, aftertaste, 
and eating texture pleasantness. 
the 10% lupin sample was judged 
basic shortbread biscuit, 
At 30%, however, the biscuit was 
less pleasant than the shortbread 
In terms of the attributes, 
equally acceptable to the 
seen to be significantly 
and 10% lupin biscuit on 
each of these attributes, and less acceptable overall. 
Although respondents were able to detect unusual flavours in 
both lupin biscuits (no significant difference was found), 
they appear not to have affected eating quality at the 10% 
level of incorporation. 
The results of 
generalized to 
representative 
selected. 
the sensory evaluation pilot study cannot be 
the population. The respondents were not 
of the population, being non-randomly 
Nutritional information on the seed and six day old sprout 
were obtained thrnugh various nutritional and biochemical 
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evaluations. Laboratory rats, used to assess protein quality, 
require a larger proportion of amino acids than humans, for 
the production of a hairy coat. Therefore, these results can 
only be used as a guide to lupin protein quality in human 
nutrition. 
Biochemical and nutritional evaluations of the seed and 
sprout show an apparent increase in protein concentration, 
due to the utilization of fat and carbohydrate as energy, and 
a decrease in protein quality. 
The data suggest that the quality of lupin kernel protein can 
be increased to that of casein through the supplementation 
with 0.2% DL-methionine. This is confirmed by the 
biochemistry results, which show that th" total 
sulphur-containing amino acids are low in the lupin kernel. 
The protein quality of the lupin sprout is improved when 
supplemented with 0.2% DL-methionine, but not to the level of 
the supplemented kernel or casein. This could be due to the 
reduction in total sulphur amino acids and/or arginine {the 
growth of young animals is depressed when arr{inine is 
available in an insufficient proportion) observed following 
germination, a reduction in the concentration of one or more 
of the am~no acids not analysed, or both factors. Additional 
research should include the analysis of the concentrations 
of tryptophan, histidine, and phenylalanine which were not 
analysed due to methodological, cost and time factors. The 
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other essential amino acids analysed reduced in proportion, 
but levels present following germination meet WHO (1985) 
recommended requirements for human adults. 
Biochemical analysis indicated that fat and oligosaccharide 
levels decrease, confirming that these nutrients are utilized 
as a source of energy during germination. In addition, the 
proportions of phytates and alkaloids (anti-nutritive 
factors) decrease when the seed is sprouted, so increasing 
the availability of some nutrients. 
Further studies in the area are warranted. Additional 
research is required to determine if the change in the 
proportions of nutrients observed in the six day old sprouts 
is linear. Sprout quality may be greater when the seed is 
germinated for a different length of time. Research into the 
proportions of lupin flour that can be incorporated into 
products without affecting eating quality needs to be 
continued. 
The results of the study indicate that lupin seed and sprout 
could be suitable foods for human consumption. When lupin 
protein is supplemented with methionine, or methionine-rich 
foods (such as cereals), so forming a complete protein, 
quality is improved. Incorporation of lupin flour (milled 
lupin kernel) into wheat-based food products will increase 
nutritional quality. 
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CEREAL GRAINS AND PLANT MATERIAL - DETERMINATION OF NITROGEN. 
PHOSPHORUS. POTASSIUM AND SODIUM - AUTOANALYSER METHOD 
1. SCOPE 
The method is not suitable for compounded feeds or materials with 
a high proportion of nitrogen present as nitrate. 
2. PRINCIPLE 
Milled plant material is digested with sulphuric acid I hydrogen 
peroxide. The digests are diluted followed by continuous flow 
colorimetry and flame photometry in a four-channel autoanalyser, 
3. SAFETY 
Reagent 
Sulphuric acid 
Hydrogen peroxide 
Sodium hydroxide 
Sodium hypochlorite 
4. REAGENTS 
4.1 Sulphuric acid, AR grade, 98% 
Precautions to be taken 
These are all hazardous 
materials. Safety glasses and 
rubber gloves must be worn 
while handling them in a fume 
hood, If these materials are 
spilt or splashed on skin or 
eyes, wash in running water. 
4.2 Hydrogen peroxide, AR grade, 100 vel. (Note 10.1}. 
4.3 Sodium Hydroxide. Dissolve lOOg sodium hydroxide in water and 
dilute to 21. 
4.4 Salicylate reagent. Dissolve 300g sodium salicylate and 0.6g 
sodium nitroprusside in water and dilute to 2 litres. Add 2 mL 
of BRIJ reagent. 
4.5 Hypochlorite. Dilute 15 mL of commercial grade hypochlorite (12%) 
to 500 mL with water, Add 0.5 mL BRIJ reagent. 
4.6 Molybdovanadate. Dissolve 40g ammonium molybdate, (NH4)6Mo7024.4H2 
and 2g ammonium (meta)vanadate, NH4V03 in hot water. Cool and add 
100 mL sulphuric acid. Dilute to 2 litres. 
4.7 Lithiure reag~nt stock. Dissolve 22g lithium sulphate in water and 
dilute to 1 litre. 
4.8 Lithium working solution. Dilute 35 mL reagent 4,9 to 10 litres 
with water. Add 10 mL BRIJ reagent. 
4.9 Phosphorus diluent. 0.2 mL LEVOR reagent to 1 litre of water, 
4.10 Nitrogen diluent. 1 mL BRIJ reagent to 1 litre of wa~er. 
5, APPARATUS 
5.1 Aluminium digestion blocks to take fifty 25 x 200mm test tubes. 
5.2 Diluter to add water to digests. 
5.3 Dispensers for Reagents 4.1 and 4.2. 
6. PROCEDURES 
PREPARATION OF DIGESTS 
6.1 Preheat the digestion blocks to 340deg. 
6.2 Weigh accurately about 0.4g sample into a 25 x 200mm test tube. 
6.3 Add 5 mL Reagent 4.1 and mix on a vortex stirrer to wet the sample 
completely. Allow to char for 10 minutes (Note 10.2). 
6.4 Add 0.5- 1.0 mL Reagent 4.2 without mixing and allow the vigorous 
reaction to subside. Cool and add another 0.5 - 1.0 mL Reagent 4.2 
mix and place in the digestion block for 20 minutes, 
6.5 Remove from the block, cool and add another 1.0 mL Reagent 4.2. 
Mix and heat in the block for 20 minutes. 
6.6 Remove from the block and cool, If solutions are still coloured, 
add a further 0.5 mL of Reagent 4.2, mix and return to the block 
for a further 20 mins. 
6.7 Rtmove from the block and cool. Dilute to 50mL and allow to settle 
overnight. 
7 COMPUTER 
7.1 Use SETUP or AUT03WUFF to produce weighing files. 
7.2 Sample weights are recorded directly using BAL or BBAL. 
7.3 Assemble a loading file from the weighing files, using SETUP. 
7.4 When the reagent stream has stabilised, run PLUTO to commence 
the run. Data are automaticalJy recorded. 
8 AUTOANALYSER 
8.1 Turn on all switches and commence pumping. 
8.2 Place reagent lines in appropriate bottles, Note 3, 
8.3 Run a series of full scale peaks to check performance of the 
instrument. Note 4, 
8.4 Load the turntable as per the loading file, (see COMPUTER ) 
8.5 Monitor the chart periodically to identify anomalous peaks 
or excessive drift. Note 5. 
9 STANDARDS 
9.1 Primary stock. 
47.168g Ammonium Sulphate 
5,272g Potassium Hydrogen 
3.05lg Sodium Chloride 
19.992g Potassium Chloride 
(NH4)2S04 
Phosphate KH2P04 
NaCl 
KCl 
Dissolved in 1.65M H2S04 and diluted to SOOmL, 
This solution contains:-
N p K Na 
20,000 2400 24,000 2400 ppm. 
9.2 Working standards. 
Prepare by appropriate dilution of primary stock:-
N 
12. 5 
25 
50 
100 
200 
400 
p 
1.5 
3 
6 
12 
24 
48 
K 
15 
30 
60 
120 
240 
480 
Na 
1.5 
3 
6 
12 
24 
48 ppm in 1.65M H2S04 
When preparing standard solutions ,details must be recorded 
on the standards file . (kept in Section Leader's office). 
10. NOTES 
10.1 Hydrogen peroxide should not contain phosphate stabiliser. 
10.2 some materials such as unmilled seed may require brief heating 
in the digestion block for charring to commence, 
10.3 The salicylate reagent must enter the system last and be 
washed out first to avoid precipitation of salicylic acid. 
10.4 Problems are usually caused by blockages, split pump tubes 
or uneven bubble patterns due to bad connections or 
insufficient surfactant. 
10.5 Offscale or shouldered peaks should be carefully identified 
using the loading file and re-run or diluted as required. 
11 REFERENCES 
TECHNICON Industrial Method 334-74W/B+ 
12 CALCULATION AND REPORTING 
At the end of the run the data is processed using the AREP 
program, which also records onto the worksheet. 
If a worksheet is completed a copy of the results is then 
obtained using the ARP program, 
This copy is then checked for acceptability of repeats Bnd 
results evaluated against trial data (if any), 
13 GENERAL 
Prepared samples are listed on a file (TABBY.NOW) which is 
updated every few days.This file .is also used to record the 
progress of each worksheet from its initial entry onto a 
weighing file until its fiual reporting. 
FILE AUTOAN.DRF(120,20SJ 
------------------------------------------------------------------
INFORMATION SHEET 
Plant and Fertilizer Chemistry Section 
Agricultural Chemistry Laboratory 
Chemistry Centre (WA) 
Draft 3 
12.6.90 
REPBASIS.DRF 
------------------------------------------------------------------
REPORTING BASIS 
1. Dry basis 
Most plant samples that are analysed in ACL are reported on a ~dry 
basis''. Samples are usually dried by the client when first taken, 
and then at some later time they are milled by Sample Preparation 
prior to analysis. For many of the commonly analysed samples such 
as cereal tops and grains, an equilibrium moisture level of about 
10% is obtained when the material has been dried and then allowed 
to equilibrate with the air. 
Most samples are analysed without any preliminary drying in the 
laboratory, and they are then reported on a "dry basis" by 
assuming a moisture content of 10~, so that a dry basis factor, 
dbf, of 0.9 is used in the calculation. 
For some types of plant material, particularly from the drier 
areas of the state, the equilibrium moisture content is about B~. 
requiring a dbf of 0.92. 
For the less common types of plant material, or samples such as 
faeces, it may be necessary to determine the moisture content of a 
number of samples from a worksheet. If these lie in a narrow 
range, then it is possible to calculate an average dbf for the 
worksheet. This should always be done for samples that have been 
milled by the client and submitted to ACL in sealed containers, as 
they may have been dried immediately prior to milling. 
Sometimes it is necessary to further dry samples in Sample Prep-
aration prior to milling. This improves the milling performance, 
but means that the moisture level of the sample to be analysed may 
no longer be 10%. Worksheets requiring this treatment should be 
clearly marked so that the dbf can be checked. 
A few samples such as reference materials or exchange samples 
(IPE) are reported on a dry basis by first drying the material in 
an oven (usually 70 C overnight) and then keeping it in a sealed 
container in a desiccator until ready to weigh. The dbf in this 
case will be 1.0. 
2. As received 
Feedstuffs are often reported on an "as received" basis, as this 
generally corresponds to the material fed to animals. No moisture 
determination is required, although milling may result in a small 
change in moisture content (Ref. ), with some mills having a 
greater drying effect than others. 
Fertilizers are also usually reported on an "as received" basis, 
without any moisture determination. As with feedstuffs, milling 
may change the moisture content, and for some years, moisture in 
superphosphate samples was determined both before and after 
milling. Note, however, that some fertilizers decompose on heating 
e.g. diammonium phosphate, DAP. 
Some feedstuffs are reported on a "dry basis" and may require a 
separate determination of the moisture content to obtain a dbf. 
3. As analysed 
If a wet material can not be milled, it must first be dried, which 
will give an "as received" moisture. The dried material is then 
milled and during this process and also during storage, it may 
re-absorb some moisture, This must then be determined as ''as 
analysed" moisture at the time that the other analyses are done. 
The dbf from the "as analysed" moisture is used to calculate th~ 
results to a "dry basis". If results are required on an "as 
received" basis, then corrections must be made for both moistures 
(see Appendix, equation 2). The calculations may be even more 
complex if some fat is removed before the sample is milled (see 
Appendix, equation 3) 
Materials such as bones are often reported on a "fat-free dry 
basis". They will usually require the determination of an ~as 
analysed" moisture after the material has been fat extracted, 
unless they are dried immediately prior to weighing. If such 
samples are to be reported on an "as received" basis, then 3 
corrections for "as received'' moisture, fat, and "as analysed'' 
moisture will be required. See Ref. 
4. Air-dried basis 
Gypsum loses some water of crystallisation if it is heated at a 
temperature greater than about 60 c. Samples that are obviously 
wet can be dried at room temperature or in an oven at not more 
than 45 C and are then reported on an."air-dried~ basis. 
5. Changing the reporting basis for results in a worksheet 
When calculations are done with the program AREP, a dbf is 
included in the calculation (.CAL) file. Sometimeo a large batch 
of samples may consist of a number of workshee~s, each requiring a 
different reporting basis. Rather than running AREP several times 
with different .CAL files, it may be easier ta calculate all 
results on the one basis, and then use the pr~gram MONKEY to 
convert individual worksheets to the correct basis. If this 
approach is used, the printouts must clearly show the checker what 
has been done. 
REPBASIS.DRF 
METHOD SHEET 
Plant and Fertilizer Chemistry Section 
Agricultural Chemistry Laboratory 
Chemistry Centre (WA) 
Final 1 
26.3.90 
MOIST.MET 
FEEDSTUFFS AND PLANT MATERIAL DETERMINATION OF MOISTURE 
ROUTINE OVEN DRYING METHOD 
1, SCOPE 
This method is suitable for the routine determination of 
moisture in animal feedstuffs and plant material. It also 
describe& the calculation of a dry basis faceor (dbf) for use 
in converting analytical results from an ~as receivedn or nas 
analysed" basis to a dry basis. 
It is not suitable for export grains (Ref. 1) or gypso.,.n. If 
used for silage, volatile substances other than water may be 
lost. 
Further information on the limitations of moisture 
determination by oven drying is given in Ref. 2. 
2. PRINCIPLE 
Heating at 105 C, with gravimetric determination of weight 
loss. 
3. APPARAT-US 
3.1 Analytical balance, readability O.lmg. 
3, 2 Weighing dishes, aluminium, 50mm diameter, with tightly 
fitting lids. 
3.3 Mechanical convection oven. 
3.4 Desiccator, with freshly activated desiccant (Ref. 3). 
4. SAMPLE PREPARATION 
Moisture levels c~n change during storage and milling 
(Ref. 2). Special precautions must be taken if the moisture 
content of the ot·iginal (unmilled) material is required (see 
for example Ref. 1). In most cases, the preparation procedure 
is determined by the requirements of the other analyses being 
done. 
5. PROCEDURE 
5,1 Dry the dishes with their lids beneath at 105 C for at 
·least 1 hour (Notes 1, 2 and 3). Remove and place in a 
desiccator until cool (about 30-45 minutes). 
5.2 Weigh the dried dish and lid (WI), and immediately add 
about 2g of sample (Note 4) and re-weigh (W2). Shake the 
di~h gently to spread the contents within the dish, and 
dry ~ith the lids beneath at 105 C for 15 - 20 hours 
(Not~ 5). 
5.3 Remove the dishes, cover immediately with the lids, and 
pl~ce in a desiccator. Weigh the dishes (W3) after they 
have cooled to room temperature (ab~ut 30-45 minutes). 
6. CALCULATION AND REPORTING 
% Moisture, as received 
wt dish & wet sample(W2) - wt dish & dry sample(W3) 
D --------------------------------------------------- X 100 
wt dish & wet sample(W2) - wt dish(Wl) 
Report to 1 decimal point. 
Dry basis factor (dbf) 
wt dish & dry sample(W3) - wt dish(Wl) 
wt dish & wet ssmple(W2) - wt dish(Wl) 
or 
100 - 7. moisture 
= ----------------
100 
Other analytical results may be converted from an ''as 
received" or ''as analysed" basis to a dry basis (db) as 
follows. 
7. or ppm dry basis = 7. or ppm as received I dbf 
7. NOTES 
7.1 Hot dishes can be conveniently handled with light cotton 
gloves. For accurate work, gloves or tongs/tweezers 
should be used when transferring containers to and from 
the balance. 
7.2 If ash is also required, the moisture determination may 
be done in crucibles prior to ashing. 
7.3 Use of open containers such as glass beakers results in 
lower moisture values, as some water is re-absorbed during 
cooling in the desiccator. If crucibles are used, keep the 
cooling period to a minimum, or cover the crucibles with 
lids during the cooling. 
7.4 If larger dishes are used, sample weights of 5-lOg may be 
taken, weighed to the nearest lmg. 
7.5 Check that the vent at the top of the oven is fully open, 
and that the thermometer bulb protrudes at least 3cm into 
the main body of the oven. 
8. REFERENCES - ACL METHOD AND INFORMATION SHEETS 
8.1 Grain shipment samples 
8.2 Moisture determination 
8.3 Desiccators and desiccants 
[120,205]MOIST.MET 
FAT IN PLANT MATERIAL AND STOCK FOOD 
SUHMARY 
PLANT ANALYSIS 
TENTATIVE METHOD 
Fat is a measure of the free lipids in plant material and stock toad, 
It is determined in a Tecator Soxtec apparatus by extracting the sample 
with Shell X4 solvent and weighing the extracted fat, 
APPLICATION 
This procedure for tat can be applied to plant material and feedstuffs. 
Refer to the appropriate method sheets for meats, oilseeds and peanuts 
which will require special treatment. 
SAFETY 
For information about the composition and properties of Shell X4 solvent~ 
refer to the notes provided by the Shell company and kept .in the room with 
the Soxtec equipment. 
REAGENT 
She11 X4 solvent, boiling range 63 - 69deg. 
PROCEDURE 
Dry the Soxtec extraction cups containing ogiling chips at 105deg for 
1 hour, cool them in a desiccator for 45 minutes at.d record tare weights. 
Weigh accurately about 2. 5g of air dried ID4.terial jn'tb 26 x 60 mm 
cellulose t.hUblcs (NOTE 1) fitted wit¥ thimble adaptets. Plug the thimb-les 
with <Otton WOOl and pl~ce them in the tniwble ou!der. Position this into 
the Tecator Soxtec system~ using magnets to hold ~himbles in position. 
Place the extraction cups in the cup holders and add 50 ml o~ X4 Solvent to 
each cup (NOTE 2). Position the cups on the heating plates anQ ~ower the 
condensers into contact with the cups, securing them with the safety latch 
(NOT~ 3). CHEC"_ 1 T~AT THE <jU~S.SEAL,90RRECTLY. _.., r/ I_ L £_ ·~ 7 C.,t.-.d.-ll.#cS"~ YIMN~ ~ ~ fv ( 'j "'~. I Cl;t.,. "'-"" <>l<n <VI> '"'t' . 
Switch on the heating (NOTE 4) and move the thimble slide to the 'boil' ~ 
position. Use the windshield to keep the cups hot. Note the time at which 
the last position begins to reflux and leave the thimbles in the 'boil' 
position for 15 minutes after this. 
Move the thimble slide to the 'rinse• position and rinse the thimbles for 
30 minutes. 
Close the condenser off by turning the,knob at the top of the condenser 
clockwiseo (NOTE S) and collect the solvent for .tO minutes. During solvey.t~ 1 oift,1 
collection, run the air pump to speed up solvent evaporation. 1'S-. ...-::.. _ ,va.Jn.f71/\.:. 
c FF- (;.. QJ ':"f 
Remove the cups and evaporate the remaining solvent on a b2il1n~ water bath. 
Place the cups in sn oven at 105deg for 2 hours. Remove them to a deSiCCator 
and weigh them after cooling for 45 minutes. 
Remove the thimbles from the Soxtec apparatus using the thimble holder and 
run out the collected solvent by turning the knob at the top of the condenser. 
2. 
CALCULATION 
Wt or extraction cup • WI 
Wt of extraction cup + fat • W2 
X fat as received • W2 - Wl x 100 
Sample wt. 
To convert results to a dry basis, multiply by factor: 100 
-----------
100 - % moisture 
Results are reported on an 'as received' basis for trials comparing 
animal performance. Alternatively, results are reported on a dry basis 
together with moisture figures. 
NOTES 
1. A blank should be run whenever a different drum of X4 solvent is used, 
or whenever a different analyst performs fat extractions. 
2. The solvent must not be transferred through plastics that are soluble in 
it, e.g. PVC. 
3. For complete information on the Tecator Soxtec syntem see the operating 
manual and the log book kept with the equipment. 
4. (i) Deionized water must be used with the heating unit and the water 
level in it must be checked. The unit can be switched on 15 minutes 
before starting extractions. 
(ii) CHECK THAT THE MOTOR SHAFT TURNS when the pump is turned on. If it 
fails to do so, turn off the power and try again until the shaft is seen 
to turn. A piece of PVC tube may be used to free the shaft manually. 
(iii) Keep the water just below boiling point, to prevent bumping. 
s. The knob must be turned down firmly to allow for collection 
of solvent but DO. NOT OVERTIGHTEN it. 
REFERENCES 
1. Divisional file 7.7.12 and 7.7.31. 
2. Egan, H., Kirk, R.S. and Sawyer, R., "Pearson's Chemical Analysis o:f 
Foods", 8th Edition 1981, pp 20-23. 
.J Apnc fOOC!a,m 1&10. ?6. 1313-1.'15 
TabJ. II. Eff~ or Slor_,.. Tim•· on R~due. of M•l~it 
Hydr:uide ao Field· TleaLt-d PotatOO¥ 
duration of 
atorare, wei' b 
2 
3 
4 
6 
6 
7 
8 
maleic hsdrazidl' 
founcf.G ppm 
4.6:t 0.4 
3.3 :t 0.7 
4.7 ~ 0.9 
3.0:!. 0.4 
4.0:1: 0.7 
3.9:!.. 0.7 
3.3:t 0.9 
" Value& are the me&n~ :t SE or determinations per-
formed on four .. mplea or potatoes harleated 7 weeb 
arter treatment. 
Tab1e W. Recovery of Hycb:u:ine froDl Potato Fortified 
with H ydnsine Sulfate 
bydrazine 
added. ppb 
0 
5 
10 
26 
100 
hydrazine 
found." ppb recovery, % 
0.2 
4.4 88 
9.0 90 
24.8 99 
100 100 
" Values arl' uncorrected for the blank. 
hydrazide decreased that of the glucoside increased untU 
after 4 weeks both were at similar concentrations (Frear 
and Swanson, 1978). Thus, if potato metabolized maleic 
hydrazide i..u a manner similar to tobacco, measurable 
residues would be e%petted to be found. 
The recoveries of hydraziDe added as bydraz.i.ne sulfate 
to samples of untreated potato are given in Table ill. 
Satidartory· J't'm\'etill!ft -.·.,re obtamPd from ~ h! m) pp! 
o{ added hydrazine. Nc• det.f'ct.3llle b~drazme Wa!- foun!: 
in tuben. 81llllpled at 3 and 9 weeks after treatmem usin~ 
this method. Sirni.larly. no hydraziDe was detectable ir. 
potatoes stored for 2- or 6-week intervals. 
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A Simple and Rapid Colorimetric Method for Phytate Determination 
A rapid colorimetric procedure is described for determination of pbytate based on the reaction between 
ferric ion and sulfosalicylic acid. Determination of the pbytate content of a variety of cereals. legumes, 
and oilseeds demonstrates the simplicity of this method compared to the cumbersome digestion and 
colorimetric method for measuring liberated phosphorus. 
The mejority of phosphorus in plant seeds is present as 
phytate, inositol he.~&phosphate (Asada et al., 1969; Erd-
man, 1979; Oberleas, 1971). The reduced availability of 
zinc associated with plant protein diets is attributed pri· 
marily to binding by phytate (Atwal et al., 1980; O'Dell 
and Savage, 1960; Shah et al., 1976). Determination of 
phytate has been based on its precipitation as insoluble 
ferric phytate in acid solution (Ellis: et al., 1977; Heubner 
and Stadler, 1914; Makower,19i0; Oberleas, 1971; Wheeler 
and Ferrel1971). Harland and Oberleas (1977) eliminated 
the precipitation step and extrar.ted phyt.ate directly with 
1.2% HCI which was then eluted through an ion-exchange 
resin to separate inorganic phosphorus. The eluted phy-
tate was subsequently digested with concentrated H:S04 
and concentrated HN03 and the liberated phC1Sphorus 
measured rolorimetrically. The digestion stage required 
careful monitoring to minimize ]Qss;cs due tc incomplet{' 
or ell:cessive digestion. This paper report!: a simple and 
more direct procedw-e for mee.~uring ph"otate based on the 
reaction between ferric chloride and sulfosalicylic acid. 
These reagents were uaed by Wade and Morgan 0955) t· 
detect phosphate esters separated by paper chromato~ 
raphy. 
EXPERIMENTAL SECTION 
Materials. Calcium and sodium phytate were pur 
chased from Sigma Chemical Co. (St. Louis, MOl. An-. 
berlite IR-120S resin and AG1-X8 resin were obtaine· 
from Rohm and Haas (PAl and Bio-Rad Laboratorie 
(Richmond, CAl, respectively. 
Preparation of Pbytate Standard. Calcium phytat 
was converted to free phytic acid by the method of Angy1 
and Russel (1969) usin~ Amberlite IR-1208. The fre 
phyt.ic acid was then digested according to the procedur 
df'Scribed by Harland and Oberleas (1977) and liberate· 
organic phoepborus measured rolorimetrically (Chen eta. 
19561. The amount of phytk acid was calculated from th 
organic phosphorus by asswning that one molecule ~ 
phytic acid contained six molecules of phosphorus .. A 
temately, sodium ph}'tate can be I.L~ed as a standard sm• 
.t1l J. Apr~e rooa Cttem. Vol. 2~. No.6. 1980 
.chelrK' I. ExtnrtioD or Pbyt.aW (rom Plant Ma\eriai 
.nd Measurement by DilaliOD and Wack Procedwes 
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. is soluble in water and does not require conversion to 
Be free phytic acid form. A series of standard solutions 
~Ue prepared containing 5-40 llf.fmL phytic acid in 
iatilled water. Three-milliliter amounts of the standards 
~ere pipetted into 15-m.L conical centrifuge tubes with 3 
lL of water used as a zero level To each tube was added 
mL of the modified Wade reagent (0.03% FeCI,.6H20 
od 0.3% sulfooalicylic acid in distilled water), ond the 
,Ju~·o · ed on a vorteJ: mixer for 5 s. The mixture 
·as entrifug or 10 min and the supernatant read at 
00 run y usmg water to zero the spectrophotometer. The 
hsorbance spect.rum was e:wmined by an SP~SOO Uniaun 
Jectrophotometer ov~r 450--550 nm while individualab-
nbances were measured on a Pye Unice.m SP 6-300. 
Eztraction or Phytate from Plant Seeds. Extraction 
f phytate from various plant sources was carried out by 
11lowing a modified procedure of Harland and Oberleas 
977) as shown in Scheme I. The initial extraction was 
uried out with~% ~l~ ((i65N))as this pro.ved to be 
lOre efUcient in erttat r ~ytate. Elution of the 
nract through AG 1-XB anion-exchange resin permitted 
te removal of inorganic phosphotus as well as other in· 
~ering compounds. 'fhe phytate content was measured 
y using the Wade reagent and compared to the result of 
1e digestion procedure. 
F.SULTS AND DISCUSSION 
The pink color of the Wade reagent is due to the reac-
on between ferric ion and sulfosalicylic acid with an,ab-
Jrbance maximum at liOO nm. In the presence of phytate 
1e iron becomes bound to the phosphate ester and un~ 
;ailable to react with sulfosalicylic acid, resulting in a 
!Crease in pink color intensity (Figure 1). The absor~ 
mces of the !.tandards were subtraC't.ed from the absor~ 
Table I. Elfi.'C:t ot Aad Coneenln!bon on t-'byl.aW 
ExU.ctlon from R~0 
HCI, 'o\ Wede method digestion method 
0.6 3.08:. 0.16 a.oa:. o.o2 
1.2 4.01 t 0.12 4.19:. 0.06 
2.4 4.44 :l 0.12 4.64:. 0.05 
4.8 4.55 :t 0.07 4.66:. 0.03 
a Dehulled IIDd de(atted. b Mean and •tandard devis· 
tion or at leut three .. mples. 
Table D. EHeet of DOatioD or Sample'f prior to Ion 
EJr.ehup 011 Pbytate6 DetermiiiAtions 
cfilution 
1:25 
5:25 
10:25 
phytate, ox. 
Wade method 
0.25 :l 0.06 
0.29:. 0.01 
0.22:t 0.01 
direat.ion method 
0.29 :t 0.02 
0.29:. 0.01 
0.22:. 0.01 
"Sample is bread containing rapaeed [Jour. b Mean 
and standard deviation or (our aarnples. 
bance of the reagent blank to give the decrease in abeor~ 
banc:e values. A linear Beer's law plot was obtained by 
plotting the decrease in absorbance at 500 nm apinst 
phytate concentration in which a coefficient of determi-
nation value (r2) of 1.00 was obtained. Standtud curves 
prepared with purified calcium phytate were si.tnila.r to 
those obtained with sodium phytate. Analysis of sodium 
phytate gave a pbytate concentration of 59.0% as com~ 
pared to a value of 59.9% calculated from data on the 
bottle. These values were considered similar enough to 
use the commercial sodium phytate as a standard without 
further purificntion . 
The effectivenesu of acid concentration in extracting 
phytate from rQPf.seed protein concentrate is shown in 
Table I. It is evident that a more romplet.e e:rtraction is 
obtained by using 2.4% HCI compared to the 2-h estrac-
tion period with 1.2% HCI reoommended by Harland and 
Oberleas (1977). A t teat at the 5% level showed a sig~ 
nificant difference between the 1.2 and 2.4% acid ex- · 
traction whereas no nignificant difference was evident 
between 2.4 and 4.8% HCI extraction. The emaction time 
was tested by using 2.4% HCI over 8 1-h period and was 
found to giV!! the same results as the 2~h extraction, thus 
pennitt.ing a 50% reduction ln enraction time. Recovery 
of sodium phyt.ate following this procedure was 102 : 3%, 
indicating thnt no losses occurred during the extraction 
and elution procedures describad. The Wade re8.1t'ent must 
be added to the 0. 7 M NaCI eluant fraction WitbinJllll v.: k..t. 
or passing~-the~~ On~ the reagent is add~. -! 
however, the mtr.ture remlullfl gUJte stable. .}1 
AF. may bti exi)ectia."Wi"Ui 8 proCidi.ire that measures 811 
euess of added reagent, oome difficulties were encountered . 
with samples containing low levels of phytate. A 1:25 -'- . 
dilution of the extract obtained from a bread containing I .. 'l: 
rapeseed flour was run through the column and gave I~ ~ 
results using the Wade procedure compared to the d1· . 
gestion method (Table 11). Adjustment of the sample 
extract to 5:25 dilution, howe\•er, effectively increased the ;tJ 
amount of phytate placed on the colwnn and resulted in 
similar result& !or both Wade and digention procedures. J 
Fwther increasing the amount of extract to 10:25 dilutioo 
lowered the results for both methods whic-h may be at· '1"0. 
tributed to hif,h acid concentration altering conditions on 
the column: t is t=\"ident from these results that for ~- ~ , 
pies containing b>:!Iow 1 ~- phytate a dilution of 5:25 18 :;: . 
recommended while a 1:25 dilution is adeqWite for samples ;;.: 
.J. Agric. FtXXJ Chern. 1880, 28, 1315-1317 1315 
T.tJie DI. Pb)'\a&t- CoaUIOl of a S.lee:\.ofd 
Group o( Plaat Soctn:e. 
umple 
Wade 
method 
dipa:tion 
method 
sunflower protein conC't'ntrate 3.66 1 0,07 3. 78! 0.02 
soybean 1.82! 0.09 1.72 :t 0.05 
fal:ebean Protein concentrate 1.40 :t 0.06 1.48 :t 0,07 
pea protein concentrate 1.24 1 0,05 1.33 1 0.06 
Jen.Uib 0.23! 0.02 0.27 :t O.Gl 
wheat f]ourb 0.22 :t 0.01 0.25 :t 0.01 
" Mean and atandard deviation of at Jeut three samples. 
b Uaing a 5:25 dilution. 
a variety of 
In most cases the 
but a t test for paired 
measurements ahowed no significant dif-
ferences between the two methods. 
This paper demon.:trates that the Wade reagent has 
several distinct advsntages over the digestion pmcedure 
with respect to the simplicity and rapidity of the p:::«e-
dure. This method is ideal for screening phyta.te levels in 
soybean and rapeseed samples for breeding studiea. The 
~tioo meotbod is time C'Oll!oUIDing and quite im.pracucaJ 
for mooit.ori.ng ph!lt&Le li!V!:lb in a large number of 88DJP1ea. 
This study establiahea lhe Wade method as an efff!('tivt' 
and rapid procedun for phytate determination. 
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Identification of 2-Amino-2,6-dideoxygalactose Hydrochloride in a Soil Hydrolysate 
A dideoxyamino sugar, 2-a.miuo-2,6-dideozygalactose byd.rocbloride (fucosamine hydrochloride), was 
found for the imt time In a soil hydrolysate. It was identified as its alditol acetate by gas-liquid 
chromatography and mass spectromeb'y in an eluate fraction foUowing cation-exchange chromatography. 
The presence of amino sugars in 110ils was first demon-
Jtrated by Bremner (1949, 1950), who showed their pres· 
!DC'e in soil hydrolysate'S by a colorimetric method and 
:taper chromatography. Subsequently, a number of 
.vorkers have identified glucosamine and galsctosa.mine 
Lowe, 1978). The presence of their N-acetyl derivatives 
l8.S also been reported as well as that of another he:r:os· 
I.Dline, ta1osa:mine (2-amino-2-deozyUJ.Iose) (Wang and 
~heng, 1964). More recently, muramic acid, a component 
•f the peptidoglycan polymer of bacterial cell walls, was 
ound in inorganic soils (Millar and Casida, 1970) and in 
)()g soils (Casagrande and Park, 1978). In view of the 
elatively large number of amino sugars found in nature 
Hortcn, 1969; Sharon, 1965) and their instability in con· 
"entrated hot acid, it has been suggested (Greenland and 
)ades, 1975) that others e:.:ist in the soil. If indeed this 
s the case, these amino sugars. might be components of 
he "unknown" soil N which represents between 41 and 
-6% of the total wil N (Sowden et aL. 1977). The optimal 
1ydrolytic conditions reported for the analysis of glucos-
.mine and galactO&tmine. namely. 6 M hydrochloric acid 
t 100 ac for periods varying between 6 and 12 h, cause 
significant decomposition of he:r:osamines, neceaeitating 
the use of correction factors ranging from 1.1 to 1.4 
{Bremner, 1965). Therefore,less drastic conditions, such 
as thtl6e commonly used in structural determinations of 
bacterial amino polysaccharides (Perry et aJ., 1975), were 
chosen for the analysis of amino sugars in anorthic humic 
gleysol freed of plant and faunal debris. This communi-
cation presents the first report of the identification of 
2·amino-2,6-dideoxygalact.ose hydrochloride (fuC068JD.ine 
hydrochloride) in a soil hydrolysate. 
EXPERIMENTAL SEC'!'! ON 
Chemicals. 2-Amino-2,6-dideos:y-L-rnannose (rham· 
nooamine) and 2-acetamido-l,3,4,S..tetra·O-acetyl·2,6-di-
deoxy·D-glucitol were gifts from Dr. M. B. Perry of the 
National Research Council, Ottawa, Canada. 
General Methods. Concentrations were performed 
under reduced pressure at a bath temperature not e:r:· 
ceeding 40 ac. Samples were- anaJ.vzed by gas-liquid 
chromatography (GLC) on a Perkin-Ehner 3920 gas 
chromatograph, equipped v.ith flame ionization and PN 
detectors. Glass columns (183 x 0.2 em i.d.} containing 
0021-8561180/1428-1315$01.00/0 <e· 1980 American Ctlemleal Society 
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FAT CONTENT 
If the sample is at all moist it should be dried on a water or steam 
bath before the extraction is commenced . Duplicate samples are required . 
1 .  Accurately weigh . a clean dry Soxhlet extraction thimble . 
2 .  Accurately weigh approximately 5 g of the sample directly into 
the Soxhlet extraction thimble, and plug the open end with 
fat free cotton wool .  
3 .  Place the thimble and contents into the central syphon portion of 
the Soxhlet apparatus . 
4.  Weigh the clean, dried 250ml flask from the desiccator . 
5 .  PLace 200 ml of  analytical grade diethyl ether into the flask 
and connect it to the Soidllet syphon. Connect the condenser onto 
the top end of the syphon. 
6. Reflux for 6- 10 cycles . 
7 .  Distill off the ether from the flask and then place the flask and 
contents into an oven at 105°c and dry for approximately 2-3 hours . 
8. Cool the flask in a desiccator and weigh . 
9 .  Calcualte the % fat. 
DEPARTMENT OF AGRICULTURE 
AMINO ACID ANALYSIS SERVICE, NORTHFIELD PIG RESEARCH UNIT 
July 1990 
Scope 
The service provides amino acid analysis, excluding tryptophan, in 
animal feed and other proteins. 
Sample preparation 
Samples are fat extracted as necessary (above 7% fat) and milled. 
Subsamples can be prepared for analysis in three ways: 
a/ Normal hydrolysis: hydrolysis at 110 degrees for 24 hours h·i th 
constant boiling point hj•drochloric acid under nitrogen. An aliquot 
is evaporated and the amino acid mixture redissolved for analysis. 
b/ Oxidized hydrolysis: samples are oxidized with performic acid, then 
hydrolysed as above. The effects of oxidation are explained in the 
attached notes. 
c/ Extended hydrolysis: Provides improved accuracy for threonine, 
serine, valine and isoleucine. 
Chromatography 
Amino acids are separated by ion exchange chromatography and 
measured after reaction ~ith 
optimized for amino acids which 
not necessarily detect others. 
ninhydrin. The chromatography is 
normally occur in proteins and will 
Any samples with internal standard (norleucine) recovery outside 
0.975 - 1.025 of the mean value for the batch are rerun. Results are 
not adjusted for differences in internal standard recovery. for 24 
hour or oxidized preparations analysed values of threonine, serine and 
isoleucine can be corrected for incomplete hydrolysis and partial 
decomposition using results from standard ANRC casein. 
Results 
Results include a photocopy of the chromatogram and amino acid 
levels as g/kg of sample, usually on an 'as received' basis, and as 
g/16 g N, based on the nitrogen level provided by the client. The 
recovery of nitrogen as amino acids is also provided. 
The cost applyii1g for 1990-91 is $110 per preparation, payable 
within 28 days of invoice. 
Turnaround 
Clients should confirm that analysis can be completed to their 
schedule before samples are submitted. For scheduling or other 
enquiries phone (08) 2668436, fax (08) 2614688. 
For analvsis: 
Samples (10-20 g) 
(attached) and an order 
work. · 
should be forwarded ~i th 
or written authority to the 
an analysis form 
Department for the 
Samples may be delivered to the Production Unit at the 
Northfield Pig Research Unit 
Fosters Rd. 
Northfield 
or posted to: Mr. R.L. Davies 
Animal Research Branch 
Department of Agriculture 
  
 
Notes on sample preparation and amino acid correction 
Normal hydrolysis 
�ormal hydrolysis provides quantitative recovery of most amino 
acids. However cystine and methionine can be extensively degraded, 
threonine and serine are usually also degraded, though to a lesser 
extent, and valine and isoleucine are likely to be underestimated 
because of incomplete hydrolysii. 
Cystine and methionine 
Variable cystine and methionine losses mean that their results from 
normal hydrolysis should be treated as minima. The best estimates are 
obtained by preliminary oxidation which, while it destroys tyrosine 
and invalidates phenylalanine and histidine results, gives quantitative 
recovery of most other amino acids (including lysine and threonine). 
Recovery of methionine from oxidised preparations is quantitative 
but s0m� 6% of (cystine + cysteine) may not appear as cysteic acid. 
The program for amino acid calculation includes an optional correction 
for this loss� 
Despite its liwitations, oxidation is usually the most cost­
effective single preparation for analysis of monogastric animal feeds. 
Threonine, serine, valine and isoleucine 
Measured values may also be corrected for partial loss or 
incomplete hydrolysis, using corrections based on ANRC casein. These 
are currently 1.04, 1.08, 1.05 and 1.07 of 24 hour or oxidized values 
respectively. 
Alternately, threonine and serine analysis after extended 
hydrolysis enables 24 hour or oxidized values to be corrected on 
measured data. Valine and isoleucine analysis after extended 
hydrolysis provides maximum accuracy. 
Corrections are optional and the report indicates whether 'as 
found' or 'corrected' values have been used. 
� 
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PROTEIN QUALITY TEST 
1. Amino Acid Score 
AAS = rngLAA/g protein x 100 
mgLAA/g FAO reference protein 
FAO Reference Protein (1973) 
mg/g protein 
lsoleucine 40 
Leuctne 70 
�Lysine 55 
"Methionine & cystine 35 
Phenylalanine + tyrosine 60 
Threonine 40 
Tryptophan 10 
Valine 50 
Pattern of 
Preschool 
(2-5 yrs) 
28 
66 
58 
25 
63 
34 
11 
35 
2. PER Protein Efficiency Ratio 
AA Requirements (FAO/WHO 1985) 
School Child Adults 
(10-12 yrs) 
28 13 
44 19 
44 16 
22 17 
22 19 
28 9 
(9) 5 
25 13 
(AOAC Procedures) 
3. Biological Value (BY) and Net Protein Utilization (NPU) 
Animals will be housed in metabolism cages from days 2 to 6 (4 days) 
of the PER study for collection of urine and faeces samples for 
nitrogen balance determination. 
A) Weigh food at the beginning of the collection and again at the 
end of the collection period. 
B) Collect urine and faeces from the cages daily and store pooled 
urine and pooled faeces for each animal in labelled bottles in 
the refrigerator. Add 0.5ml of 1% acetic acid to the urine 
collection beakers daily. 
C) Dry faeces in the air oven at 90-lOOOC. Record dry weight of 
faeces and grind with a mortar and pestle before nitrogen 
analysis. 
D) Record total urine volume. 
E) Procedure for N-analysis of urine and faeces: 
1) Digestion 
(a) Weigh approximately 0.5g ground, dry faeces samples or 
measure 4 ml urine into Kjeldahl digestion tubes. Add a 
glass bead, 1 KjPltab (digestion tablet) and 10 ml 
digestion acid (100:5 cone. H2S04 and cone. 
H3P04) in the fume hoods.  Mix sample gently. 
Carefully add 35% hydrogen peroxide (10 ml for faeces or 
2 ml for urine samples). 
CAUTION - rapid addition may cause a violent reaction. 
WEAR SAFETY GLASSES! 
2 
Run all samples in duplicate. 
(b) Prepare a blank by substitut1ng 2g sucrose for the sample. 
(c) Heat samples 1n the digestion block at 4200C until 
d1gestion 1s complete. (Samples will be clear and 
colourless) 
(d) Cool samples 5-10 minutes before add1ng 75 ml of 
dist1lled water. 
2) Distillat1on 
(a) Attach d1gestion tube to dist11lation unit and place a 
rece1ving flask on the platform (250 ml Erlenmeyer flask 
conta1ning 25 ml boric acid 1ndicator). 
(b) Lower the protection door. 
(c) Pull the handle for dispens1ng alkal1 down�­
(d) Open the steam valve to start the dist1llat1on. 
(e) Move the rece1v1ng platform into position. 
(f) Set the t1mer for 5 minutes but continue dist1llation 
unt1l the rece1v1ng flask conta1ns about 125 ml. 
(g) Lower the receiv1ng flask platform and cont1nue 
distillation for a few seconds to clear the receiving 
tube. 
(h) Close the steam valve, raise the protection door and 
remove the digestion tube (caution the tube w1ll be hot) 
and the rece1v1ng flask. 
3) T1tration and Calculat1on 
2463Q/0033M 
(a) T1trate the boric acid distillate with standard O.lN HCl. 
(b) Calculate the N excret1on in urine and feces as 
equivalent amounts of protein. 
Faecal = 
prote1n (mg) 
(ml HCL-blank) X 0.1* X 14.007 X 6.25 X fecal wt. 
Sample Wt 
Urine = (ml HCl-blank) X 0.1* X 14.007 X 6.25 X urine vol. 
protein (mg) Sample Volume 
* normal1ty of HCl used 
Use urinary and faecal prote1n values and food intake data to 
calculate apparent BV, apparent NPU and apparent digestibility 
for all diets. 
r-
Blologh:•l Ew•lultlon of Prot•ln Ou1Jity !Protein 
Efficiency Retlo)(32J-Offlclel F/nel ActJon 
(Applicable to materials contg >1.80% N) 
43.212 
(I) ANRC reference casein.-Available from Humko Sheffield 
Chemical, PO BoJC 398, Memphis TN 38101. 
lbl Salt mixture USP.-Either USP salt milCI. or salt m/JCt. 
having essenllaUy same proportions of the elemente. Prep. USP 
XIX (p, 6121 sail mlxt. lor corresponding USP XX Item) as 
lollowt: Grind In mortar portion of 139.3 g NaCI with 0.79 g Kl. 
Slmllarlv grind together remainder of the NaCI with 389.0 g 
KH,PO,, 57.3 g MgSO, anhyd., 381.4 g CeCQ,, 27.0 g FaS0,.7H10, 
1.01 g_ MnSO,.H10, 0.548 g ZnS0 •. 7H10, 0.477 g CuS0,.5H10, 
otnd 0.023 g CoCI1.6H10, finally adding the NaCI·KI miJCt. Reduce 
•ntlre milCt, to fine powder. 
lei Vitllmin mixture.-
'Vitamin A (dry, stabilized) 
Vilamin D (dry, stabilized) 
Vitamin E !dry, stabilized) 
Menadione 
Choline 
p-Amir.obenzoic acid 
Inositol 
Niacin 
Ca D-pantothenall 
Riboflavin 
Thiamina.HCI 
PvtldolCine.HCI 
Folic acid 
Biotin 
Vllamln 8,, 
,GIUCOII, to make 
(d) Cononued oil. 
(e) Callulo.se.-<:eliu Flour, SoJka Floc, or aqulv. 
If) Prot•in Gllaluetion ba1al diet-
Simplt x• 
Cononaeed all 
Salt mllCtUre USP 
Vitamin mixture 
Caltuloae 
Water 
8 _ X x % ether IJttract 100 
5 _Xx%ash 100 
1 
1 
_ X x % crude fiber 
100 
5 _ X x % moisture 100 
Sucrose 01 corn starch, to make 100 
•X • 1.60 X 10D 
%Nofs1mple 
mg/100 g 
ration 
2000 (lUI 
20011UI 
10UUI 
0.5 
200 
10 
10 
• 
• 
o• 
0.5 
.0.5 
0.2 
0.04 
0.003 
1000 
All % ligures refer to sample. Proximate anelysl11 it needed 
to adjust dl&t so that all comparisons between samples end 1ef. 
mater!althall be made with diets having 11me content of N, f1t. 
ash, moisture, and crude fiber, These suggutad levela of fat, 
ash, moisture, and crude fiber are desirable whenever proximate 
analyals of sample permits. 
43.213 
laboratory rats, males, a hall be from aame. col~ny, and 
maintained during period before weaning upon d1at and under 
environmental condition• that will provide for normal devel· 
opmentln all respects: weaned; ;.21 days of age but Ci2B days 
of aga; range of Individual rat wta among animals used shall be 
c1o g. When animals ere t,ansported from breeding colony to 
test laboratory, acclimation period of ;a-3 daya but <.7 ahould 
precede test. 
43.214 AueyGrau~n 
A-.aemble groupt of ;.Jo rate. In assay of each material 
provide 1 group that will receive ANAC ref. cauin. One ref. 
caaein group rna·, be uead for concurrent 1ssay of > 1 usay 
material. When auembllng of all groupa Is complete, total 
number of rata In each group muet bathe aame, and av, wt of 
rats In any 1 group on day beginning assey period must not 
elCcaed by >5 g av. wt of rate in any other group. 
43.215 
Throughout assay period keep each rat In Individual cage and 
provide with approprlace assay diet and H10 ad libitum. During 
a stay period malnteln all conditions of environment 11 uniform 
as possible with respect to each of group• baing compared to 
ANAC ret. catein, Record body wt of each rat on beginning day 
of assay period and body wt and food lntah of each rat at 
regular Interval•, not >7 days, 1nd on 28th day 1fter beginr.lng 
of astay period. 
43.211 
Clfc. av. 28 day wl geln and protein IN x 8.25llntlke per rat 
for e1ch group. Calc. Protein Efficiency Rallo !PEAl (wt gain/ 
protein Intake) for each group. Oat. ratio x 100 of PER tor each 
••••Y group to PER for AN.RC caaein ref. group. Iabulai!J_B da_y 
wt gaiJli..JilOteln /nlah, PER, and ra!io .x .1~0 of sample PER to 
ANRC Ref. Ca~ein-PER for each assay group. Report protein 
quality of 11mple aa tltlo x 100 of umple PER to ANRC Ref. 
Casein PER. 
AOAC Mm~oosi19BOJ 
Nutrient Requirements of Domestic Animals. No. 10 Nutrient Requirements of Laboratory 
Animals. (1978) Third Edition. National Research Council, National Academy of Science 
Washington: NAS Nutrient Requirements of the Lnborator•, ?at 23 
1' . .;1!1.E II 1\;utri•·nt Rt1JUircmcnts nf Rats 
Concentration In :1 Diet• 
Growth, 
Gestation. 
~ulrl•mt or l.act:1tion Mainlt'rulnt't' 
-----
Pn11rin 
tu idt·ul pn•tcinl ~ 12.00 4.211 
f'll.l''' ~ s.uo 5.00 
Di~~tilll•! En~· kcallk~t 3,800.00 3.aoo.oo 
f.-Amino Mid, 
Mro:inint' ~ 0.60 
Aspara~ne ~ 0.40 
Glutamic acid .. 4.00 
Histidine ~ 0.30 0.08 
lsole.lllineoo""-
" 
0.50 .... 0.31 
Leud ... .. 0.75' 0.18 
L~ne ~ 0.70· 0.11 
· Methionine .. 0.60' 0.23 
Phcmylalanlne-
tyrosine 
" 
o.so' 0.18 
Ptnline 
" 
0.40 . 
Thnonnine ~ 0.50·. 0.18 
Tf)11tophan 
" 
0.15 o.os 
\'aline 
" 
0.60 0.23 
Nonr:ut"ntial' 
" 
0.59 0.48 
Minmrlr 
Calcium ~ 0.50 
Chloride 
" 
o.os 
Magnesium .. 0.04 
Pbu.phonu ~ 0.40 
Potautum 
" 
0.36 
SodJ,m 
" 
o.os 
S••lfur ~ 0.03 
Chrnmium · mglkg 0.30 
Cnppe.· m~/kg s.oo 
Flunrid•• m~kR 1.00 
l11dinr ml(lkg 0.15 
Jmn mglk~t 35.00 
Mamtane."~e" mw"k~t 50.00 
'W·Ieuium mwk~~: 0.10 
Zinc· m~t-'kR 12.00 
l'i/llmmr 
·'' 
lt·lk~t 4.0110.110 
"' 
IC/k~ 1,000.00 
~:· IUikR: 30,00 
•• ~wk~ so.oo I .lmlilll' msc.tklit 1.0011.00 
,. ... n,. ueid m~eikl! 1.00 
\ra•·m mWktt 20.00 
l'ant'llho~nate 
11·akimni msc.tkl! 8,00 
llitw.nll\ln ml!tkl! 3.00 
T!timnill mu:ku 4.{111 
\"lt:smiu liH ml(lkl! 6.110 
\ tl:smin lltJ pi!;! kit ~UII.l 
S)'nthesis. It i~ tilt' L1R•nz~·mt• fnr !I.L't.'lyl ,.,M'IIt.~t:U• .-\ !:ln•ld· 
CoA) carbox~·la'ie, which i~ rl'l>[lun.~ihtl' fur thl· ~yntlll':<;i., uf 
malonyi-CoA in tit• llllt'u s>·ntht~is o£ lnn!,!-ch~in fall~ a•·id, 
and for 5e\'Pral ulhcr tr:.mK"arhma·la.<t"' and b n••tnirt'(l f••r 
purine S)'ntht':'iis (Dakr.r and Frank. I!Jh.'i: :O,:nm01 ,., ,i.. 
1970). 
Signs nf Dt'jicicr!CfJ Inductiur. of l•iutin dt>fid1•11c~· in th~· 
rat requires ft'edin~ raw ~ white. whiL•h hind~ and pr•·· 
vents absnrption of the vitan~in, SiiCIIS of Jt>fidency an· 
exfoliative dcrmutiti~. aloped:a. ll.chrumutrichia. and an :1h· 
normlll. ~pastic g11it. In rats ferl 10 percent raw t~l: whit•·. 
oral administration of 2 ~g of biotin per rat pt•r da~· pro-· 
vented development of deficiencr. That amrJunt would I'll.' 
supplied b:r a diebtry content of 0.15 m,Vkg (:0Zielscn ;md 
Elvehjem, 1941). fn rats fed biotin-deficient dittts that con-
taJned 20 percent spra>·ed egg white for 10 days. biotin· 
dependent enzymes ranged from 20 to 80 percent o£ normal. 
Control rats given !!00 ,_g of biotin parrnterallr once a wt't'k 
had nonnallevels of enzymes, and dc£icient animals ~,·en a 
single injecHon of 200 p.g restored their cmymc le~ls tn 
normal within 4 to 24 hours (Chian):!; and Mi.~try, l9i.JI. 
That level of biotin corresponds appru1im.atcly to 2 mg/k~ nf 
diet. Hepatic gluCQneogf'nesis was decreast'd in dcficirnt rat.~ 
and was restored to nonn.al 3 hours a£tcr injt'Ctinn of 200 ~t 
of biotin (Sandoval and Sab. 19i4). 
Choline 
Choline is a romronent uf lecithin in ~luble and membrane 
phospholipids and of the neurotransmitter, acetylcholinr. It 
is required by the rat. but it can be replaced in diets formu-
lated from amino acids and in other purlfiLod components b~· 
methionine (Newlx!me rr at.. 1969). Interactions amonl! 
choline, methionine, folate, and vitamin 81~ are CQmpln 
and have been eluddatt.-d in part through their lipotropic 
action, I.e., their ability to maintain normal httpatic lipid 
metabolism and prevent accumulation of triglyceride in 11\·er 
cells, their effects on hepatic uptake and stora~tt> of folatt.'S. 
and thrir effects on the enzymes for methionine synth~is 
and degradation (Best et ol .. 1954, 1969: Finkrlstcin et al .. 
1971; Griffith and Nye, 1954: Cyorg)' l't ol., 196i: Hale 
and Schaefer, 1951; MacDonald et al .. 19ti5~ Newberne 
et al., 1969; Then1•n and Stokstad, l!li3: Vitale and fl~tlod. 
1969). The transmethylati-on of homocysteine'. to mttthionine 
by mrthyl ~ups d~·rh-ed from choline or other mcth~·l 
donors ret:tuircs fnlate coenzymes and vitamin D1~ and is 
presumably central to the intcructlun of tln.'SC t:ompound.~. 
:'\•Jit"!!toTahlcfi 
• Adeq;.j"e to lll(lptlrt I.'Tn .. ·lh, ,"'lltaUun . .amllactatiun: l•;s.\1,1 "n .(1 pt·rn-IJ! 
dry m~ttcr. 
"Unol•lr add, 0.6 pe•wnt. :, n•tniml. 
rQne.lhird In on.-halr l'IO IN' \Uf'pll!'d hy !.·~'tine. 
dOne-third lu OIM'·hmlf tlln IM• IUPt>iil'll by 1.-t~·nl!'llllt'. 
r\lllllll!i! of tkd!ll', L .. ll~tlllll', ilnd L•w.'llnr. 
lvuamm A. i tl' .. 11 .. 11~1 11 ..: "·tinnl, u.JH 1:..: n·hn)• :u:rt~'"'· 0.3.'1•l ,,,: 
ro-tln)·ll•almitatr, 
\'it~r.1in 1). I ll' .. U 11!1 o<ll l"fi!Ol•~!rilo•r•·l 
\'itamln t:. I n· " I mvlll"'"'"'"'l'hl·l"\·1 ~,,_1alo•. 
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APPENDIX C: Formulation of diets 
Each diet was formulated to contain equal proportions of fat, 
minerals, vitamins, fibre, and moisture, using the following 
procedure: 
Sample = X 
Cottonseed oil 
Salt mixture USP 
Vitamin mixture 
Cellulose 
Water 
8 - Xx% ether extract 
t. 100 
5 - Xx% ash 
100 
1 
1 - Xx% crude fibre 
100 
5 - Xx% moisture 
100 
Sucrose or corn starch, to make 100 
X = 1.60 X 100 
% N of sample 
Salt mixture USP 
Grind together some of 139.3g cacl, 0.79g Kl. Grind together 
remainder of CaCl, 389.0g KH2P04, 57.3g MgS04 anhyd., 381.4g 
CaC03, 27.0g FeS04.7H20, 4.0lg MnS04.H20, 0.548g ZnS04.7H20, 
0.477g CuS04.5H20, and 0.023g CoC12.6H20. Add NaCl-Kl 
mixture. Reduce to a fine powder. 
Vitamin mixture 
Vitamin A (dry, stabilized) 
Vitamin D (dry, stabilized) 
Vitamin E (dry, stabilized) 
Menadione 
Choline 
p-Aminobenzoic acid 
Inositol 
Niacin 
Ca panothenate 
Riboflavin 
Thiamine.HCl 
Pyridoxine.HCl 
Folic acid 
Biotin 
Vitamin B12 
Glucose, to make 
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mg/100g 
ration 
2000 ( IU) 
200 (IU) 
10 (IU) 
0.5 
200 
10 
10 
4 
4 
0.8 
0.5 
0.5 
0.2 
0.04 
0.003 
1000 
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APPENDIX D: Roger's Range Test - study 1 
Reject Ho if jMi - Mj I >J v, x MSW x F (1 -o<. )v, x~c'~J 
-,--
where v; = number of groups subtract 1 
MSW = analysis of variance (error term) 
F(l -.;.)v,= F.._,lOO = 2.38 (<~-= 0.05) 
N = number of respondents 
1. Protein Efficiency Ratio 
= J 4 X 0.0296 X 3.0875 X 2/SO 
= 0.121 
2. Apparent Digestibility 
= J 4 x o.oo1o5 x 3.os75 x 2/5o 
= 0.023 
3. Apparent Biological Value 
= J 4 X 0.0105 X 3.0875 X 2/SO 
= 0.072 
4. Apparent Net Protein Utilization 
= J 4 X 0.00681 X 3.0875 X 2/50 
= 0.058 
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APPENDIX E: Table of correlations - study 1 
All BV 
All NPU 
All PER 
All AD 
- 0.143 
- 0.029 
0.177 
/ 
All BV 
0.991 
- 0.064 
All NPU 
- 0.016 
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APPENDIX F: Recipe development - gluten-free biscuits 
This appendix involves preliminary development of gluten-free 
lupin-based products for people with coeliac disease, a 
disease which is characterized by an intolerance to gluten, 
the protein found in wheat and some other grains. 
Products developed for 
disease were pre-tested 
respondents being obtained 
use by individuals with coeliac 
on those with this disorder, the 
through coeliac Society meetings. 
Preliminary sensory evaluation of the lupin biscuits was also 
completed, using self-selected students from the W.A. 
College of Advanced Education (that is, not with coeliac 
disease), using the supposition that a product found 
acceptable to the general public is likely to be acceptable 
to individuals with the disease. The number of respondents 
for this preliminary test was 32. 
These biscuits were unable to be evaluated and analysed· 
statistically as the control (shortbread) and experimental 1 
(plain lupin biscuit) differed in terms of flour type 
(substitution of lupin flour, higher proportion of rice 
flour), and increased proportion of sugar. It is difficult to 
know if a difference is due to the incorporation of lupin 
flour, the increased proportion of rice flour or sugar, or a 
combination of all of these. 
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RECIPE DEVELOPMENT 
A shortbread recipe was chosen, the wheat flour replaced with 
lupin flour, and the recipe altered where necessary to 
achieve an acceptable product. The various alterations made 
are outlined in table 1. 
All biscuits were baked in the same, elec;:tric, fan-forced 
oven. During pilot-testing, the self-selected staff and 
students of the Western Australian college of Advanced 
Education, Nedlands Campus, were presented with pieces of the 
control and experimental biscuits of equal size. These were 
controlled 
temperature. 
for colour, 
Original Shortbread Recipe 
Ingredients 
250 g (B oz) butter 
2 T ground rice or rice flour 
1/3 c icing sugar 
2 c plain flour 
cooking method, and sample 
Rub butter into sifted dry ingredients, press ingredients 
together firmly, turn on to lightly floured surface, kneed 
lightly until smooth. (This shortbread can be made in a food 
processor; process sifted dry ingredients with roughly 
chopped cold butter until ingredients cling together). 
Shortbread can be cooked in many ways. Here are some 
suggestions: 
1. Press mixture evenly into greased 2Bcm x 1Bcm (11in x 7in) 
lamington tin, mark into squares or rectangles, prick with 
fork, bake in moderately slow oven 35 to 40 minutes, stand 10 
mins, lift onto wire rack to cool. 
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2. Divide mixture between two greased lBcm {7in) 
tins, cut each into B wedges, prick with fork, 
moderately slow oven 35mins, cut again, stand for 
Cool on wire rack. 
sandwich 
bake in 
10 mins. 
3. Mixture can be shaped into lBcm {7in) rounds (use tin as 
guide). Place onto greased oven trays, mark into wedges, 
prick with fork, pinch decorative edges with floured fingers; 
bake as for shortbreads cooked in sandwich tins. 
4. Mixture can be pressed into wooden shortbread moulds which 
have been well-rubbed with fingers dusted with cornflour, 
shake out excess cornflour, cut away excess dough with sharp 
knife, tap knife sharply onto greased oven tray, shortbread 
will fall out easiliy onto tray. Mould must be well rubbed 
with cornflour for each shortbread shape. Bake in moderately 
slow oven for 25mins. Mixture will make 6xll em (4 l/2in) 
shapes. stand few minutes before lifting onto wire rack to 
cool. 
Note: shortbread moulds can be bought in varying sizes from 
specialty kitchenware shops. 
Source: 
Biscuits, 
Kennedy, T. (n.d.). The Big Book of Beautiful 
The Australian Women's Weekly Cookbook series. 
Table 1 
Recipe development 
Control 
Ingredients 
125g butter 
1 T {15g) rice flour 
1/6 c (25g) icing sugar 
1 C (125g) plain flour 
Modification 1 
125g butter 
15 g rice flour 
25g icing sugar 
1 C {85g) LUPIN 
FLOUR 
Modification 2 
125g butter 
15 g rice flour 
25g icing sugar 
85g lupin flour 
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Table 1 Recipe development continued 
Control 
Method 
1.Rub butter into sifte 
dry ingredients. 
2.Press ingredients 
together firmly. 
3.Turn onto lightly 
floured surface. 
4.Knead lightly till 
smooth. 
S.Press mixture into 
1Bcm sandwich tin. 
6.Bake in moderately 
slow oven (160 deg C) 
for 35 minutes. 
?.Cut into wedges. 
stand 1 o minutes. 
Cool on wire rack. 
Results 
Good colour - pale 
Subtle flavour 
Crumbly 
Tender 
Conclusion 
Modification 1 
As per control 
Burnt unaer same 
conditions 
Texture- crumbly, 
short 
Colour - very 
yellow 
Odour - unpleasant 
Flavour - bu~nt, 
unpleasant 
Mouthfeel - smooth 
Aftertaste -
unpleasant 
Replace 100% of wheat See page 32 
flour with lupin flouri 
Conclusion : Modification 1 
Modification 2 
As per control, 
except: 
REDUCE OVEN TEM-
PERATURE TO 160 
deg. c. 
1 s:t1H nurn~ng 
observed, parti-
cularly at edges 
Odour- different 
to basic though 
not unpleasant 
Flavour- slight-
ly bitter 
Reduce fat 
proportion by Sg 
Excess browning may be due to too high a fat level. Fat aids 
in the caramelization of sugars (Charley, 1982, p.237). 
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Excess browning might also be due to the reaction of sugar 
and protein on the application of heat. Charley {1982, p.212) 
states "heat effects the formation of a complex between 
reducing sugars and protein which causes browning of the 
crust". But it might, also, be due to too high an oven 
temperature. TRY REDUCING OVEN TEMPERATURE FIRST. 
If the unpleasant 
not the burning, 
added. 
flavour is a result 
then a flavouring 
of the lupin flour 
agent may need to 
and 
be 
Table 1 Recipe development, continued. 
Modification 3 
Ingredients 
120g butter 
15 g rice flour 
. . 25 g 1c1ng sugar 
85 g lupin flour 
Method 
As per modification 2 
Results 
Still too brown at 
edges. 
Texture - crisp,short 
Flavour - still bitter 
Aftertaste -
unpleasant 
Modification 4 
As modification 3 
As per control, 
but: 
Modification 5 
120g butter 
50 g RICE FLOUR 
25g icing sugar 
SOg LUPIN FLOUR 
REDUCE COOKING TIME As permodific-
TO 30 MINUTES ation 4 
Browning further 
reduced. Still too 
brown at edges. 
Texture - not crisp 
if put away warm 
Flavour still 
unpleasant 
Browning very 
slightly 
reduced 
colour slightly 
less yellow 
Flavour - not 
so bitter or 
unpleasant 
Mouthfeel-gritty 
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Table 1 : Recipe development continued 
control 
Conclusion 
Try reducing the 
cooking time by 
5 minutes 
Modification 1 
The (low) alkaloid 
level in lupin 
flour may be causin 
the bitter taste. 
Increase the prop-
ortion of rice 
flour to decrease 
flavour bitterness 
Try 50% rice flour; 
50% lupin flour. 
Modification 2 
Increase sugar 
content to 
compensate for 
the reduced 
starch content 
of lupin flour 
Increase sugar 
to 40g 
Table 1 Recipe development, continued. 
Modification 6 
Ingredients 
120g butter 
50 g rice flour 
40 g ICING SUGAR 
50 g lupin flour 
Method 
As per modification 4 
Modification 7 
100g BUTTER 
50 g rice flour 
40 g icing sugar 
50 g lupin flour 
Modification 8 
100g butter 
50 g rice flour 
40g icing sugar 
50g lupin flour 
10 DROPS PURE 
VANILLA ESSENCE 
As per modification As per modific-
4 ation 4, BUT: 
add vanilla 
essence with 
butter 
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Table 1 : Recipe development, continued. 
Modification 6 
Results 
Browning - as per mod 
B 
Flavour - not sweet, 
more pleasant 
Aftertaste -
improved 
Mouthfeel - gritty, 
not unpleasant. 
The biscuit is too 
greasy. 
Conclusion 
The proportion of fat 
is too high for the 
biscuit. 
Decrease the fat to 
100% of the flour 
content. 
Modification 7 
Mixture firmer & 
less greasy. 
Browning reduced on 
half biscuit, 
? due to poor 
fan-forced oven. 
Texture - still 
crisp and short 
Flavour still not 
good. 
Try the addition 
of flavouring 
agents. 
Try vanilla 
essence at 1 o 
drops (pure ) . 
Modification 8 
Still browning 
more on one 
half than 
other. 
Flavour - not 
improved 
Aftertaste- not 
improved 
Vanilla essence 
not ideal 
flavouring. 
Try lemon. 
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Table 1 Recipe development, continued. 
Modification 9 Modification 1 o Modification 11 
Ingredients 
100g butter 100g butter As per modific-
SO g rice flour SO g rice flour ation 10 
40 g icing sugar 40 g icing sugar 
SO g lupin flour so g lupin flour 
1 g LEMON RIND 1 g LEMON RIND 
10ml LEMON JUICE 
Method 
As per modification 4, As per modification As per modific-
BUT: 4 BUT: ation 10 BUT: 
add lemon rind and add lemon rind Cook at 1SO deg juice with butter. with butter. celcius 
Results 
Mixture moist and Mixture firm Much less brown-
sticky ing 
Texture - crisp Colour - pale 
Odour - pleasant, lemon yellow 
lemony Flavour - "till Flavour -
Flavour - pleasant, pleasant and pleasant 
lemon, subtle lemony 
Aftertaste - lemony NO unpleasant 
aftertaste 
Conclusion 
Adding liquid to the Decrease brownness Acceptable 
recipe, where no for pilot test 
liquid is incorpor- Try decreasing Try altering 
a ted,. makes the oven temperature flavouring- try 
dougb'·too sticky. to 1SO deg. c. chocolate 
Remove lemon juice. {cocoa) 
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Table 1 : Recipe development, continued. 
Modification 12 Modification 13 Modification 14 
Ingredients 
100g butter 100g butter 100g butter 
50 g rice flour 50 g rice flour 50 g rice flour 
40 g icing sugar 40 g icing sugar 40g icing sugar 
50 g lupin flour 50 g lupin flour 50g lupin flour 
20 g COCOA 10 g COCOA 
Method 
As per modification 11 As modification 12 As per modific-
BUT: ation 4, BUT: 
Sift cocoa with dry REDUCE OVEN 
ingredients. TEMPERATURE TO (Do not add lemon) 150 deg. c. 
Results 
Moderate chocolate Flavour - cocoa Pale mustard in 
colour good level, colour- little 
Odour - pleasant, pleasant browning 
chocolate Pleasant aftertaste 
Texture - as before Flavour - not 
Flavour - too much pleasant 
cocoa Texture- crisp, 
Mouth feel 
gritty 
- crisp, tender 
Aftertaste - "cocoa" , 
slightly bitter 
Conclusion 
Reduce cocoa by half Acceptable Acceptable for 
product pilot sensory 
cocoa tends toward a evaluation 
bitter aftertaste & 
may be increased in 
combination with lupin. 
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Table 1 : Recipe development, continued. 
Modification 15 Modification 16 Modification 17 
Ingredients 
200g BUTTER 100g butter 
200g BUTTER 100g RICE FLOUR 50g rice flour 
100g RICE FLOUR 80 g ICING SUGAR 40g icing sugar 
80 g ICING SUGAR 100g LUPIN FLOUR 50g lupin flour 
100g LUPIN FLOUR 2 g LEMON RIND 1 g lemon rind 
Method 
As per modification 14 As per modification As per modific-
11 ation 11, BUT: 
INGREDIENTS DOUBLED 
INGREDIENTS Shape mixture 
DOUBLED into 15-16g 
balls. Place 
onto greased 
baking sheet. 
Push down 
lightly with 
fork. Bake at 
150 deg. c. 
for 2 o minutes 
Results 
Texture, flavour, and Texture, flavour Biscuits retain 
colour as modific- and colour as for shape nicely 
ation 14 modification 11 Light golden 
brown on base, 
pale tops 
Appealing 
appearance 
Conclusion 
Suitable for sensory Suitable for Good product 
evaluation (pilot) sensory (pilot) 
evaluation 
use for final 
sensory 
evaluation 
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Table 1 : Recipe development, continued. 
Modification 18 
Ingredients 
100g butter 
50 g rice flour 
40 g icing sugar 
50 g lupin flour 
10 g cocoa 
Method 
As per modification 11, BUT 
Shape mixture into 15-16g balls. 
Place onto greased baking sheet. 
Push down lightly with fork. 
Bake at 150 deg. c. for 20 
:rl}nutes. 
Results 
Biscuits retain shape nicely 
and spread less than lemon 
biscuits. 
Moderate chocolate brown in 
colour. 
Appealing appearance. 
Conclusion 
Good product 
Use for pilot sensory 
evaluation. 
Modification 20 
Control 
125g butter 
15 g rice flour 
25 g icing sugar 
125g plain flour 
As for control method, 
BUT: 
Shape mixture into 15-16g 
balls. 
Place onto greased baking 
sheet. 
Push down lightly with 
fork. 
Bake at 150 deg. c. for 20 
minutes. 
Biscuits retain shape 
nicely. 
Very light brown on base, 
pale tops. 
Pleasing appearance. 
Good product 
Use for final sensory 
evaluation. 
FINAL RECIPES 
Ingredients 
250g butter 
30 g rice flour 
45 g icing sugar 
250g plain wheat flour 
Method 
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SHORTBREAD 
(Control) 
1.Rub butter into sifted dry ingredients. 
2.Press ingredients together firmly. 
3.Turn onto lightly floured surface. 
4.Knead lightly till smooth. Shape mixture into 15-16g (2 level, metric teaspoon) balls. 
5.Place onto greased baking sheet. Push down lightly 
with fork. 
6.Bake at 150 deg. c. for 20 minutes. 
?.Stand 10 minutes. Cool on wire rack. 
Makes approximately 25 biscuits. 
Ingredients 
BASIC LUPIN SHORTCAKE 
(Experimental 1) 
200g butter 
100g rice flour 
eo g icing sugar 
100g lupin flour 
Method 
1.Rub butter into sifted dry ingredients. 
2.Press ingredients together firmly. 
3.Turn onto lightly floured surface. 
4.Knead lightly till smooth. Shape mixture into 15-16g (2 level, metric teaspoon) balls. 
S.Place onto greased baking sheet. Push down lightly 
with fork. 
6.Bake at 150 deg. c. for 20 minutes. 
?.Cut into wedges. stand 10 minutes. Cool on wire rack. 
Makes approximately 25 biscuits. 
Ingredients 
200g butter 
100g rice flour 
so g icing sugar 
100g lupin flour 
2 g lemon rind 
Method 
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LEMON LUPIN SHORTCAKE 
(Experimental 2a) 
1.Rub butter into sifted dry ingredients, and lemon 
rind. 
2.Press ingredients together firmly. 
3.Turn onto lightly floured surface. 
4.Knead lightly till smooth. Shape mixture into 15-16g (2 level, metric teaspoon) balls. 
S.Place onto greased baking sheet. Push down lightly 
with fork. 
6.Bake at 150 deg. c. for 20 minutes. 
7.Stand 10 minutes. Cool on wire rack. 
Makes approximately 25 biscuits. 
Ingredients 
200g butter 
CHOCOLATE LUPIN SHORTCAKE 
(Experimental 2b) 
100g rice flour 
so g J.cJ.ng sugar 
lOOg lupin flour 
20 g cocoa 
Method 
1.Rub butter into sifted dry ingredients. 
2.Press ingredients together firmly. 
3.Turn onto lightly floured surface. 
4.Knead lightly till smooth. Shape mixture into 15-16g (2 level, metric teaspoon) balls. 
s.Place onto greased baking sheet. Push down lightly 
with fork. 
6.Bake at 150 deg. c. for 20 minutes. 
7.Stand 10 minutes. Cool on wire rack. 
Makes approximately 25 biscuits. 
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NUTRITIONAL ANALYSIS 
Table 2 gives the nutritional composition (moisture, protein, 
fat and carbohydrate contents) of the three lupin biscuits as 
compared with the control (shortbread). Estimation was 
conducted by hand. See appendix J for prodedure. 
* CarbohYdrate - N1trogen-free extract plus crude f1bre 
(Yanez et al, 1983, p.SlS; Thomas et al, 1977, pp.S-9, 12, 
20,22) 
All three lupin biscuits had a higher protein and lower fat 
content than the accepted market alternative (shortbread). 
The high protein content is of particular advantage to the 
poor of both developed and developing nations, who have 
difficulty obtaining sufficient protein for their needs. 
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While the fat content of the lupin biscuits is lower than the 
wheat-based alternative, shortbread biscuits are 
traditionally high in this nutrient. If eaten in moderation, 
and as part of a well balanced diet, they can add variety 
without necessarily being harmful to health. 
A large proportion of the carbohydrate figure is simple 
sugars (mostly coming from the sugar, wheat flour, and some 
from the lupin flour- lupin flour is low in starch). The 
fibre contained in the lupin flour is predominantly soluble. 
Soluble fibre is reputed to aid in lowering cholesterol 
levels. 
COSTING 
Table 3 gives an indication of the cost of producing each of 
the recipes at home (prices current, June 1990). The cost of 
producing "Lupin Shortcake", and variations, is only slightly 
more than the cost of producing the wheat-flour alternative. 
EVALUATION 
Pilot sensory evaluation (of 
control) indicates the following: 
FLAVOUR PLEASANTNESS 
modifications 11, 14 and 
- Lemon flavoured lupin biscuit is significantly 
preferred over both the plain lupin biscuit and 
the control (short bread). 
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- Addition of lemon rind at 1% of the weight of the 
flours significantly increases the perceived 
flavour pleasantness of the lupin biscuits. 
Table 3 
Cost of recipes 
Ingredient ~.;os:o~un~". amount (g) (shortbread) basic lemon chocolate 
wheat flour $1.69l2000g 
l250g 0.21c --- --- ---
lupin flour $15.001 
• 40 OOOg --- .04c .04C .04c 
l100g 
rice flour $1.69l500g 
l100g .34c .34c .34c 
I 30g 0.10c 
icing sugar O.BBI500g 
I BOg .14c .14C .14c 
I 45g O.OBc 
butter $1.76l500g 
l200g .70c . 70c .70c 
l250g O.BBc 
lemon rind $1.89l1000g 
I 2g --- --- ---# ---
cocoa $1.84l375g 
I 2og --- --- --- .10c 
Tota~c~ecJ.pi + l100q >1 :~I .22C ·~i~~ >1·~· .25c ""·· ~· .26c 
• - bought in bulk. A 25% mark-up for commercial selling 
increases the cost per 100g by 0.01c. (Cost of lupin 
flour obtained from Wesfeeds Pty Ltd, pers. comm., June, 
1990). 
# - cost is less than one cent 
+ - the total weight of each of the recipes differ (575g, 
4BOg, 482g, and 500g respectively) 
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Evaluation continued 
- Both lupin biscuits were found to have 
significantly more unusual flavours than the 
shortbread. 
EATING TEXTURE PLEASANTNESS 
There was no significant difference in eating 
texture pleasantness observed. 
- All samples were thought to be equally crisp, 
however the the lupin samples were judged 
significantly more moist. This seems to be a 
contradiction. 
AFTERTASTE 
- There was no significant difference in aftertaste 
pleasantness between the control (shortbread) and 
the lemon flavoured lupin biscuit, however both 
were seen to have a more pleasant aftertaste than 
the plain lupin biscuit. 
- The addition of lemon to the plain lupin biscuit (at 1% of the weight of the flours) appears to 
mask an unpleasant aftertaste. 
OVERALL ACCEPTABILITY 
- The lemon flavoured lupin biscuit is significantly 
more acceptable than the unflavoured lupin 
biscuit. 
- 59% of the respondents felt that they would buy 
the lemon flavoured lupin biscuits if they were 
available. In comparison, only 34% would buy the 
control (shortbread), and 10% the unflavoured 
lupin biscuit. 
154 
CONCLUSION 
The results suggest that the 50% lupin/SO% rice 
flour biscuit is acceptable, providing that the 
unpleasant aftertaste is masked. 
- What causes the differences between the biscuits 
is difficult to determine. The control (short-
bread) and experimental 1 (plain lupin biscuit) 
differed in terms of flour type (substitution 
of lupin flour, higher proportion of rice flour), 
and increased proportion of sugar. It is difficult 
to know if a difference is due to the incorpor-
ation of lupin flour, the increased proportion of 
rice flour or sugar, or a combination of all of 
these. 
For this reason, a sensory evaluation pilot study 
was not conducted on the gluten-free biscuits, but 
on the shortbread biscuit (90% wheat flour/10% 
rice flour), and two other biscuits, one substit-
uting 10% lupin for the rice flour, the other con-
taining 30% lupin and 70% wheat flour. The results 
appear in section two of this appendix (A). 
In addition to the above evaluation, the biscuits were given 
to several groups of individuals, including those at Coeliac 
Society meetings. The response to both the lemon and 
chocolate flavoured biscuits, and to the flour 1n general, 
was favourable. 
The indication is that people with this disorder would buy 
the flour if it were available in small quantities (SOOg to 
1kg bags), and at a reasonable price. 
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APPENDIX G : Sensory evaluation questionnaire 
INSTRUCTIONS 
1. Please taste any one of the samples. 
2. Place the corresponding symbol on each of the scales 
given. 
3. Rinse mouth with water. 
4. Repeat steps 1 to 3 using the remaining samples. 
Example : . . . . . . . . . . . . . . . . ~. . . . .. t . Y. . . . . . . ... 
AGE GENDER Male / Female 
EATING CHARACTERISTICS 
• .....
a) Flavour pleasantness 
v. unpleasant v. pleasant 
• • 
••• 0 ••• 0 • • • • • • • • • •• 0 • 0 • 0 • 0 0 • • • • • • 0 • • • • • • • 
Unusual flavours 
v. strong 
. . 
••• 0 • • • • • 0 • • • • • 0 • • • • • • • 0 • • •• 0 ••• 0 ••• 0 • • • • • 
b) Eating texture 
v. unpleasant 
. 
v. pleasant 
. 
•••• 0 •• 0 • 0 • • • • • 0 • • • • • • • • • • • • • • • • • • • • • • 
v. gritty v. smooth 
. . 
• • • • • • •• 0 • • • • • • • • • • 0 • • 0 • • • • • • 0 • • • • • • • • • • • 0 
v. soft v. crisp 
. . 
• 0 •• 0 •••• • • • • • • • • • •• 0 0 •• 0 •• 0 • 0 • • • 0 • • • • • 0 • • 
AFTER TASTE 
v. unpleasant v. pleasant 
. . 
• • • • • • • • • • • • • • • • • • • • • • •• 0 • • • • 0 • • • • 0 • • • • • • • 
OVERALL ACCEPTABILITY 
totaiiy 
unacceptable 
totally 
acceptable 
. . 
0 • 0 • • • • • • 0 • • • • • • • • • 0 • • •• 0 • • • • • • • • • •• 0 • • • • • 
Would you buy the product if it was available? 
YES NO NOT SURE 
Please check that you have placed the symbols on all scales. 
THANKYOU FOR COMPLETING THIS QUESTIONNAIRE 
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APPENDIX H : Rogers Range Test - study 2 
Reject Ho if !Mi- Mj I >J v, x MSW x F (1 
where : v, = number of groups subtract 1 
"- )V, X£C'1] 
-y-
MSW = analysis of variance (error term) 
F(1 -«-)v,= F._,100 = 2.38 (<><- = 0.05) 
N = number of respondents 
1. Flavour pleasantness 
= J2 X 75.9 X 2.38 X 2/l04 
= 2.64 
2. Unusual flavours 
= J2 X 130 X 2.38 X 2/103 
= 3.47 
3. Eating texture pleasantness 
= J2 X 76.4 X 2.38 X 2/102 
= 2.67 
4. Eating texture - crispness 
= 12 X 111 X 2.38 X 2/102 
= 3.22 
5 . Aftertaste 
= J2 X 80.3 X 2.38 X 2/103 
= 2.72 
6. Overall acceptability 
= /2 X BS X 2.38 X 2/96 
= 2.90 
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ISB 
APP£NL)IX I .· "11tBL£ OF coRRELnt/01\JS - STUvY 2. 
MTB > CORR C27-C33 
ALLUF 
ALLET 
ALLGR 
ALLCR 
ALLAT 
t .. LLOA 
ALLFP ALLUF 
-0.265 
0.613 -0.121 
-0.069 0.116 
0.167 0.015 
0.617
� 
-0.217 
0.713 -0.222 
ALLET ALLGR ALLCR ALLAT 
-0.212 
0.301 0.063 
0.646 -0.129 0.340 
0.629 -0.123 0.360 ll. 7f:3 
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APPENDIX J: Procedure for nutritional analysis 
Table 1: Nutrient values 
Crude Crude N-tree extract 
Ingredient Moisture Protein Fat + crude fibre 
Wheat flour 13.0 11.0 1.7 73.9 
Rice flour ll.5 6.9 2.0 78.4 (Brown rice -
raw) 
Lupin flour 9.7 42.2 7.0 47.5 (L. 
angustifolius) 
Icing sugar tr 0 0 99.9 (Sugar refined) 
Butter, salted 16.1 0,8 81.3 0.7 
Lemon rind 86.4 0.8 0.2 11.9 (lemons,raw) 
cocoa powder 3.0 19.3 24.6 42.6 
(Yanez et al, 1983, p.515; Thomas et al, 1977, pp.8-9, 12, 
20' 22) 
Appendix J continues on the following page. 
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Table 2: Proportion of nutrient in amount of ingredient used 
- ree 
crude crude extract + 
Ingredient g Moisture Protein Fat crude 
~ re 
LEMON 
Lupin flour 100 9.7 42.2 7.0 47.5 
Rice flour 100 11.5 6.9 2.0 78.4 
Icing sugar 80 tr 0 0 79.92 
Butter 200 32.2 1.6 162.6 1.4 
Lemon rind 2 1. 728 0.016 tr 0.238 
CHOCOLATE 
cocoa 20 0,6 3.86 4.92 8.52 
TOTALS 
Basic 480 53.4 50.7 171.6 207.22 
Lemon 482 55.13 50.72 171.6 207.46 
Chocolate 500 54.0 54.56 176.52 215.74 
CONTROL 
Wheat flour 250 32.5 27.5 4.25 184.75 
Rice flour 30 3.45 2.07 0,6 23.52 
Icing sugar 45 tr 0 0 44.95 
Butter 250 40.25 2 203.25 1. 75 
TOTAL 575 76.2 31.57 208.1 254.94 
Appendix J continued on following page 
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Table 3: Nutritional analysis of recipe 
crude crude 
Recipe Moisture Protein Fat carbohydrate 
g/RECIPE 
Control 76.2 31.57 208.1 254.97 
Basic 53.4 50.7 171.6 207.22 
Lemon 55.13 50.72 171.6 207.46 
Chocolate 54.0 54.56 176.52 215.74 
g/BISCUIT Each biscuit weighs approximately 22g 
control 2.93 1.21 8.0 9. 81 
Basic 2.43 2. 30 7.8 9.42 
Lemon 2.5 2.3 7.8 9.43 
Chocolate 2.45 2.48 8.02 9.81 
% NUTRIENTS 
control 13.25 5.49 39.19 44.34 
Basic 11.12 10.56 35.75 43.17 
Lemon 11.44 10.52 35.6 43.04 
Chocolate 10.8 10.91 35.3 43.15 
Rft"1 DAI� - Nu,tZ1T101'lft'L £\/ALUAr,ot\J 
MTB > print cl-cS 
no1..,1 adJ 
l (). ::.�:::: 
2 0.83 
3 0.74 
4 0.82 
5 0.82 
6 0.78 
Z 0.78 
d� 0.78 
9 0.78 
.1.0 o.::n 
c1cl�?. 
rJ. :::::3 
[) ft :::::s 
(J. :�:::2 
0. GO 
c,. ::::�2 
0.80 
0.82 
0.75 
0.83 
0.84 
MTB > print c6-c10 
POl,,1 
1 
;2 
-.� 
·�) 
4 
,-
,:) 
,:::, 
7 
::: 
·:-;, 
10 
bvl 
0.52 
0.52 
0.52 
0.42 
0.52 
0.67 
0.49 
* 
0.56 
0.58 
t)\/:;;.� 
0.68 
0.69 
CJ. 6t, 
0.7.1 
* 
0.79 0 -,, .. , - - / .::_ 
() .. ::: �? 
0.74 
0 .. 6;'.f 
MTB > print cll-clS 
F\01,0 
1 
.... , .i::_ 
:�3 
,'.I 
,1:; 
(, 
··7 
/ 
("1 
1 ••. 1 
') 
.10 
r1pu.l 
0.46 
0.43 
0.39 
0.35 
0.43 
0.52 
0.38 
* 
0.43 
0.47 
npu�: 
0.5? 
0.58 
0.54 
0.57 
* 
0.63 
0 .. 59 
0 .. 6.1. 
0.62 
0.54 
ace 
0.91 
0.94 
0.92 
0.92 
0.92 
0.94 
0.91 
0.9.l 
0.92 
CJ.94 
t)\/2) 
0.6.l 
0.72 
0.64 
0.67 
0.70 
0.72 
0.70 
0.70 
0.71 
() .. (,::::: 
r1pu3 
0.56 
0.68 
0.59 
0 .. 61 
0.64 
0.68 
0.63 
0.64 
0.65 
0.64 
ad4 
0.70 
o.::.::o 
0.79 
C) .. :::'::.-? 
0.77 
O. T5 
Cl .. ?f: 
O .. f::::5 
0.81 
() ft (,::;: 
bv4 
0.62 
0.69 
0.56 
0.43 
0.36 
0.78 
0.50 
CJ .. :: ::::: 
o.:::: 4 
Cl . SL1 
npuLr 
0.43 
0.55 
0.44 
0.35 
0.28 
0.57 
0.39 
0.31 
Cl. (,f: 
CJ. �)7 
.::id�:; 
0.84 
0.86 
0.82 
0.86 
0.85 
0.86 
0.82 
0.84 
0.83 
0.84 
bv�) 
0.56 
0.59 
0.38 
0.67 
0.71 
0.56 
0.55 
0.68 
0.58 
0.49 
npuS 
C)_47 
0 .. 50 
Cl.31 
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